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INTRODUCTION: SUSTAINABLE AGRICULTURE IN THE UK 
 
Martin Whitby and Neil Ward 
 
Though by no means new, the concept of sustainable development came to 
international prominence after the publication in 1987 of the World 
Commission on Environment and Development (WCED, or 'the Bruntland 
Commission') published its report, Our Common Future, which highlighted the 
need for patterns and processes of economic development to be brought more 
firmly within the constraints of natural ecological systems.  Probably one of the 
most important legacies of the Commission's report was its now famous 
definition of sustainable development as "... development that meets the needs 
of the present without compromising the ability of future generations to meet 
their own needs" (WCED, 1987, p. 43).  The implementation of the principles 
of sustainable development was given greater impetus at the UN Conference on 
Environment and Development (the so-called Rio Earth Summit) in June 1992.  
Officials from over 150 countries agreed to Agenda 21 - a programme of action 
for sustainable development, a Climate Change Convention, a Biodiversity 
Convention, a statement of principles for sustainable forest management and the 
establishment of a new Commission on Sustainable Development to monitor 
progress in implementing sustainable development policies. In addition, 
individual countries were asked to prepare strategies and action plans to 
implement these agreements, and the task thus fell to the UK Government to set 
out its strategy for carrying forward sustainable development policies in the 
different sectors of social and economic life. 
 
Paralleling these developments in international environmental policy 
discussions has been a growing realisation since the 1970s in the UK and 
elsewhere of the extent to which the post-World War Two expansion of 
agriculture has led to a range of environmental changes in the rural areas and 
beyond.  Landscape rationalisation and changing cropping practices have 
resulted in a reduction in valued wildlife habitats (and hence wildlife) and the 
degradation of soil and water resources, while state support for agricultural 
production has helped stimulate rapid technological change and an increasing 
use of potentially polluting agrochemicals.  The early 1980s saw rising public 
and political concern over the direction of agricultural policy which, primarily 
as a result of the intractable nature of the Common Agricultural Policy, saw 
Europe's taxpayers having to finance the storage and disposal of ever increasing 
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agricultural surpluses while intensification continued unabated.  A range of 
policy responses in the UK and Europe during the 1980s sought to address the 
environmental implications of modern, industrial agriculture and in 1992, the 
same year as the Rio Summit, the first package of relatively wide-ranging 
reforms of the Common Agricultural Policy was agreed to reduce over-
production and cut support prices.  However, until very recently, any discussion 
of the application of sustainable development principles to agriculture has been 
largely absent from UK national policy.  Just what a 'sustainable agriculture' in 
Britain might constitute, and what means might best be pursued to reduce the 
'unsustainability' of farming seemed to be topics of discussion confined to only 
a relatively small band of environmental pressure groups, the Prince of Wales 
and a small minority of agricultural and environmental scientists. 
 
The UK Strategy for Sustainable Development has been important in changing 
this situation.  The Government published a consultation paper in July 1993, 
building on a series of preliminary discussions, and over 500 different bodies 
and individuals provided written responses.  The Strategy itself was published 
in January 1994 (UK Government, 1994).  It considers the principles of 
sustainable development, reviews the current state of the UK environment and 
identifies key trends and likely pressure points over the next twenty years.  The 
report goes on to review the major sectors of the economy, including 
agriculture, and points to where sustainable development objectives may require 
new policy developments in the years ahead.  It finishes by discussing the 
respective roles of central and local government, business and industry, 
voluntary bodies and individual people. 
 
As a result of the exercise, we now have, in the form of the agriculture chapter 
in the Strategy, a statement from central government about what the 
implementation of sustainable development policies might mean for this sector.  
It was in the light of this important development that the Centre for Rural 
Economy, based in the Department of Agricultural Economics and Food 
Marketing at the University of Newcastle upon Tyne, decided to convene a day 
of 'Round Table' discussions on sustainable agriculture in July 1994.  The Prime 
Minister, as part of the response to Rio, had already announced the 
establishment of a panel of the 'great and the good' to advise the Government on 
future developments concerning the Strategy as a whole under the label of a 
'UK Round Table on Sustainable Development'.  It was this idea that inspired 
the Centre for Rural Economy to assemble a panel to discuss the agriculture 
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chapter in particular.  The Faculty of Agriculture and Biological Sciences at the 
University of Newcastle upon Tyne is the largest of its kind in Britain, and so 
there was no shortage of local scientific expertise on agriculture and 
sustainability.  In addition, a group of representatives from the main 
government agencies and farming and environmental groups with an interest in 
the future of agricultural policy in the UK were invited, along with those senior 
civil servants from the Ministry of Agriculture, Fisheries and Food responsible 
for drafting the agriculture chapter.  
 
The Newcastle scientists were asked to comment on the agriculture chapter in 
the light of the latest scientific findings and understanding in their specialist 
areas of expertise.  The papers on sustainable agriculture, which were limited to 
just a couple of thousand words, were grouped under three themes; the natural 
resource, environmental impacts and alternative systems and policies.  
Representatives from the agencies, farming and environmental groups were then 
invited to respond to the groups of papers, and some of these responses are also 
included in the collection of writings that follows. 
 
References 
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THE BACKGROUND TO THE AGRICULTURE CHAPTER IN THE 
SUSTAINABLE DEVELOPMENT STRATEGY 
 
Charles Cann 
 
The first point I want to make is that putting together the agriculture chapter of 
the Sustainable Development Strategy was quite a difficult process.  This was 
partly because obviously the Strategy as a whole was a political document, with 
all the constraints that implies.  There were also some rather more fundamental 
problems.  For a start, the concepts of sustainability and sustainable 
development are ill defined and somewhat elusive.  Moreover, our factual 
knowledge about the environmental impacts, good and bad, of agriculture and 
agricultural policy is no more than partial; and we face even greater problems in 
trying to evaluate and compare those impacts. 
 
I have considerable sympathy with those who are disappointed at the lack of 
definition and targets in the Strategy.  I can see the attraction of being able to 
devise some sort of quantified balance sheet to demonstrate whether the UK 
economy as a whole, or any particular part of it, is adding to or running down 
the global resource base.  This was not, however, an objective which we felt that 
we could set ourselves in preparing the Strategy which we wanted to publish by 
the beginning of 1994. 
 
What we decided to do instead, for the purposes of preparing the agriculture 
chapter of the Strategy, was to start from the sort of information which is in 
Section 2 of the Strategy dealing with the various environmental media and 
resources.  This section contains information about the various impacts of UK 
agriculture on air, water and soil quality, land use and wildlife and habitats.  We 
also took into account the various views fed into us in the course of the 
consultations which took place during 1993.  We did not set out to define a 
sustainable UK agriculture.  It seemed to us more practical to identify the 
general directions in which agriculture needed to move in order to contribute to 
a more sustainable UK economy.  That is why, in paragraph 15.4, we identified 
four key aims, which can be summarised as: adequate, efficient production; 
minimising resource consumption;  safeguarding soil, water and air quality; and 
preserving biodiversity and the landscape. 
 
In doing so we also recognised that there could be conflict between these aims 
and that there would be a need to strike some sort of balance between them.  I 
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recognise that the aims are only qualitative and that talking about balance begs 
the question of how you assess the trade off.  However, it seemed to us that 
these aims did at least provide some indicators which could help to guide 
operational decisions. 
 
The chapter then goes on to balance agriculture's role as a food producer and the 
undoubted increase in its productivity against the equally undeniable 
environmental change and damage which it has caused.  The limitations of 
space made us have to deal with all this pretty briefly, but, as I have said, 
Section 2 of the Strategy contained a good deal more information about the 
environmental impacts of agriculture. 
 
The chapter then reviews current and prospective policies from the perspective 
of the aims set out in paragraph 15.4.  The chapter also very briefly makes the 
point that sustainable development is not just a matter for Government.  The 
industry itself and others play a key part.  Policies which rely solely on 
regulation or subsidy are not likely to be as cost effective as policies which are 
also pursued voluntarily by individuals who believe in them - leaving aside the 
sheer political unfeasibility of policies which are seen simply as unjustified 
impositions.  As Mr Gummer has himself said, there is a need for individuals to 
change how they live and that must include businessmen changing how they 
conduct their businesses. 
 
But Government obviously does have a major role.  In particular, it needs to 
establish a policy framework which sends out the right signals and messages.  It 
can also help to assemble and put across the information which enables 
businessmen and others to reach the right decisions. 
 
As regards UK agriculture, and the policy framework within which it operates, 
clearly the absolutely dominant consideration is the CAP.  I was a bit surprised 
to see in one of the papers prepared for this seminar a statement that the 
agriculture chapter offers a defence of a CAP.  It doesn't.  As the chapter says, 
the CAP has, amongst other things, resulted in a misallocation of national 
resources.  It has also played a key role in encouraging the changes in UK 
agriculture which have caused so many environmental pressures.  That is why 
the central message of the whole chapter is that we must go on working for 
further improvements in the CAP in particular, as paragraph 15.21 says, "to 
reduce the levels of support and the resulting pressures on the environment".  At 
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the same time, it is also important to give credit where credit is due.  The 1992 
reform package was an important event.  The reductions then agreed in EC 
support prices and the decrease in the proportion of farmer's support which is 
linked to how much they produce were significant and welcome developments; 
and the agri-environment regulation, for all its limitations, was nevertheless a 
most important recognition by the EC that not all agriculture is always for the 
best in the best of all possible worlds. 
 
Another important theme in the agriculture chapter is the role of monitoring, 
research and advice.  As a Department, we in MAFF are particularly involved 
with industry in research to help minimise agriculture's environmental impacts.  
Ways of reducing pesticide requirements and usage, better ways of handling 
farm wastes and ways of reducing ammonia and greenhouse gas emissions are 
all important research areas.  It is also of course vital that the results of research 
are transmitted to farmers; and we believe that out various codes of good 
agricultural practice, together with the free advice which is available to farmers 
on conservation and pollution issues, and playing an important role in raising 
environmental standards in the industry. 
 
By way of conclusion I would like to emphasise three points.  First, we 
approached the preparation of this agriculture chapter as a practical rather than 
theoretical exercise.  As far as the role of the Government is concerned, we 
wanted to set out some guidelines for future operational decisions about policy.  
Second, the fact of the CAP is a major constraint.  The UK's room for national 
manoeuvre is very limited.  We have to work with and through the Community 
mechanisms.  And, incidentally, it really is only valid to assess the CAP as a 
Community policy and not as a national policy.  Third, although the Strategy 
published at the beginning of this year was the product of a lot of work and 
consultation, it is in many ways only a beginning.  I think that over the years 
ahead our understanding of the issues involved and our ability to evaluate the 
necessary trade offs must improve.  I am not sure that we will ever get away 
form having to rely to a considerable degree on qualitative and subjective 
judgements, but I am very interested to see how the work on sustainability 
indicators and so called green accounts develops.  And the work on biodiversity 
targets is another extremely interesting and challenging area. 
 
Now I look forward to hearing a lot more interesting and challenging speakers. 
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SUSTAINABILITY AND BIODIVERSITY 
 
Steve Rushton  
 
Concern over the high consumption of non-renewable resources and increased 
environmental pollution have lead to increased interest in the concept of 
sustainability.  At the semantic level, sustainable implies persistence through 
time.  When applied to agricultural systems, sustainability is concerned with the 
maintenance of productivity in relation to the consumption of available 
resources.  If resources are finite, then production which results in their 
irrevocable loss is non-sustainable.  It is self-evident that if resource availability 
is unrestricted, systems are sustainable.   System sustainability can only be 
considered in the context of a formal definition of the resources used in 
production together with information on their overall availability.  
 
In the Western world, agriculture utilises the majority of the land surface and 
most issues of sustainability are centred on the intensity of agricultural activity.  
Intensive agriculture has lead to loss of natural habitats through: i) changes in 
land cover resources to arable and livestock production (e.g. Sinclair, 1983) and 
ii) the widespread use of artificial inputs in the form of fertilisers and pesticides.  
These latter are also considered to be major causes of increased pollution.  
These losses in natural habitats are often referred to or associated with a loss in 
biodiversity by environmentalists.   
 
While there is considerable interest in the conservation of biodiversity at all 
levels in society, the concept, like that of sustainability, is open to a wide range 
of interpretations.  The breadth of its appeal appears to be positively related to 
its vacuousness.  Biodiversity, sensu stricto and ecologically, describes the 
species composition of some unit of space; i.e. the number and abundance of 
individual species present in an area.  From the viewpoint of society and the 
policy-maker, however, biodiversity also has a qualitative component, in that 
some species are deemed more valuable and hence more worthy of conservation 
than others.  In the past it has been the role of the conservationist to define this 
qualitative component.  There has been considerable research involved in the 
development of semi-objective criteria for assessing this qualitative component.  
Rarity and typicality indices are examples of semi-objective criteria which have 
been used in practical conservation assessment (see Usher, 1987).  
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Conservation in practice, however, effectively resolves into either of two 
possible strategies.  These are: i) the preservation of valued suites of organisms 
through the protection of habitats on land that has some potential for being used 
by humankind in another form; ii) the maintenance of management regimes that 
favour valued species in habitats already managed for some economic purpose.  
Both approaches rely on often detailed exercises in cataloguing and value-
judgements and both take only limited account of ecosystem functioning and 
dynamics. 
 
Current approaches to developing sustainable agriculture in the context of the 
western world are largely concerned with initiatives which minimise loss of 
'biodiversity' or pollution arising from intensive land use.  In the UK, for 
instance, government has initiated the ESAs and Nitrate Sensitive Areas 
schemes which aim to conserve 'biodiversity' and minimise pollution in areas 
where agriculture poses threats to both.  It is interesting to note that, as yet, 
suitable methodologies for assessing the efficacy of these schemes in 
conserving biodiversity have not been developed.   
 
It is likely that ranking and cataloguing approaches will be adopted in assessing 
conservation of biodiversity in these and other initiatives in making agriculture 
more sustainable.  The extent to which this is the most sensible approach is 
open to conjecture.  As mentioned above, sustainability has a dynamic 
component, whereas conservation methodology is essentially static.  It would 
seem obvious that more appropriate methodologies based on the dynamics of 
resource use and ecosystem functioning are required.  Furthermore, these 
methodologies will need careful integration if they are to be effective and the 
whole sustainability ideology is to become something other than a policy fad of 
the 1990s. 
 
References 
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THE SOIL AND LAND RESOURCE 
 
Robert Shiel and Robert Payton 
 
"It is futile to speak of land as inexhaustible:  fertility 
is no more inexhaustible than any other form of 
capital." (Russell, 1913) 
 
Introduction 
 
Soil scientists have, since the origin of their discipline, viewed soil as a limited, 
non-renewable resource.  As a result they have collected a large volume of 
analytical information on its properties and spatial distribution (for example, in 
the form of the Soil Surveys of England and Wales and of Scotland, and more 
recently the Soil Survey and Land Research Centre, Silsoe).  Soil scientists have 
also conducted long and short term experiments in the field and laboratory, 
which have improved our understanding of the relationship between the soil and 
plants growing on it.   In particular, the processes both by which soil influences 
plant growth and by which its own properties change with time have been 
researched.  It also became clear at an early stage that the expression of a soil's 
properties depended on the local climate.  These relationships allow us to 
predict the natural changes that will occur in soils with advancing time or 
change in environment.   Similarly, we can estimate the influence that a 
particular management strategy will have on the soil's properties, and its 
economic productivity in the short and long term.  For example, the organic 
matter content of a soil strongly influences the nitrogen supply, the capacity of 
the soil to retain water, nutrients and pesticides, and its structure (and hence 
ease of tillage, drainage and stability).   A decrease in soil organic matter 
through decomposition releases large amounts of nitrogen, improving growth 
temporarily, but the expression of all the other properties decreases.  The 
management and environmental factors which lead to organic matter reduction - 
increased temperature, better drainage, increased pH, cultivation, reduced 
organic matter returns etc. - are well understood, and therefore the effect of a 
change in the controlling factors can be predicted. 
 
In the next section we analyse the main changes occurring in soils in the UK 
and the influence of those on sustainability.   We then examine the 
Government's Strategy statement before concluding on what further research is 
needed. 
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Major Changes in Soil and the Consequences for Sustainability 
 
Together with the micro climate, the soil controls the habitat both of plants 
living on its surface and organisms living within it.  Changes in either climate or 
soil may precipitate ecological changes if the property which is altered has an 
expression close to critical environmental boundary condition for any species, 
and may in any case influence the recovery rate of a species exposed to say 
grazing or fire. 
 
The soil is made up of constituents - minerals and organic matter - varying in 
chemical composition, size and relative abundance.  The arrangement of these 
constituents - soil structure - determines the physical properties of the soil, such 
as air and water content.  The size and chemical composition of the constituents, 
together with their structured arrangement, control the accessibility to plants of 
the simple organic and inorganic chemicals which influence their growth.  The 
concentration  of these chemicals also depends on the activity of organisms 
within the soil and on the climate.  Higher plants can only access soil nutrients 
which are in solution, and they therefore depend on other organisms, or on 
physico-chemical processes, to convert complex organic and inorganic materials 
into the appropriate form.  Such water soluble nutrients can also be lost in 
drainage water, so in a humid environment, such as Britain, there is a tendency 
for the amount of plant nutrients to decrease with time.   Soil mineral 
constituents are stable over periods of several thousand years under British 
conditions, but the organic matter in mineral soils is more dynamic;  it can 
change by a few percent per annum, so that a marked alteration in processes 
might lead to a new equilibrium over 150 to 200 years (Jenkinson, 1988).  Other 
properties, such as soil structure, can change much more rapidly - within a 
decade.  These different rates of soil processes and change in soil properties 
require a concept of "relative sustainability". 
 
Under natural conditions, the microclimate and soil constituents determine the 
association of plants, animals and soil which will develop.  Just as the flora 
moves through a developmental sequence towards a climax, so does the soil.   
As soil properties change at different rates with time, the soil will approach an 
equilibrium, determined by the slowly changing properties which lag vegetation 
change.   Much of the landscape of Northern Britain was affected by glaciation 
until about 10,000 years ago and is relatively young, so soil equilibrium has not 
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yet been reached.  In Southern Britain, however, more mature soils, such as 
argillic and paleo-argillic brown earths, have developed on older land surfaces 
and are relatively stable.  This natural soil evolution has been deflected by 
human influence over several millennia. 
 
The progressive loss of nutrients, which could alter soil productivity 
substantially, has been reversed in the lowlands by the use of manures over 
several thousand years, by liming over at least 2000 years and by fertilising over 
the last 200 years.   Many lowland soils now contain far more phosphorus than 
they ever contained, but their nitrogen content is severely depressed.  In the 
uplands, depletion of nutrients, such that the vegetation is now dominated by 
stress-tolerant species, and suppression of tree development, largely by grazing 
domesticates, has reduced evaporation.  This has tended to amplify the effect of 
any increase in soil wetness due to climatic fluctuation, to the extent that the 
natural process of peat and mire development has been accelerated.   In the 
lowlands, woodland removal has reduced soil organic matter contents to one 
third of their original value, and reduced evaporation here has likewise led to 
soils becoming wetter.  The response to this is widespread pipe drainage.  
Increased soil wetness combined with reduced organic matter content has 
weakened soil structure so that tillage has become more difficult.  Partly to 
compensate for this, farmers have resorted to larger machinery which exerts 
increased loads on the soil.  Such loads can damage soil structure and, by 
reducing hydraulic conductivity, adversely affect soil drainage, threatening a 
spiral of decline. 
 
The results of these practices are that in the lowlands 'designer' soils are being 
produced which resemble a badly structured, eutrophic brown earth, often with 
signs of impeded drainage, where soil structure is medium to fine.   The natural 
diversity in soil is thus being reduced due to the 'common' crop demand for a 
nutrient-rich, freely drained soil.  Such soils can only be maintained by 
continued inputs of large amounts of lime and nutrients combined with the use 
of powerful machinery and continued maintenance of artificial drainage 
channels on fine textured soils.  On some of these soils, such practices are of 
debatable sustainability.   In contrast, upland soils have become nutrient-poor 
and the physical environment has been degraded by extra water retention of the 
organic-rich, often peaty surface.   Land use intensity as a result is low, and a 
non-native, but wild, flora and associated fauna have spread over much of the 
area.  During this century, the spread of afforestation with exotic species has 
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altered this scenario, and peat is now wasting over large areas in the uplands as 
a result of artificial soil drainage for forestry and increased evapotranspiration 
by the tree crop.  This, in fact, is only returning the soil to the humose mineral 
soil that it originally was, before human influences removed the natural 
woodlands. 
 
Within these generalised trends can be discerned effects resulting from 
locational advantage of certain land use enterprises.   Thus, land use has tended 
to become more specialised, with horticulture concentrated on sandy or peaty 
soils, while stock farming is concentrated in the moister West and arable 
farming in the drier East.  The drainage of low lying mires, particularly the 
Fenland, Somerset Levels and Fylde, has resulted in massive peat wastage, the 
increased need for pumped drainage and contamination of water with nitrates.   
The wastage of these organic-rich soils is now exposing the underlying mineral 
soils, which are inherently less productive.   Cutting and draining of peatlands, 
both recent and past, have created similar, but localised, effects (e.g. in 
Aberdeenshire).  In Eastern Britain, the relative area of grass has decreased and 
as a consequence soil organic matter content is falling further.  This leads to 
release of nitrates into ground water, increased dependence on nitrogen 
fertilisers, and more intractable soils.  Machinery scheduling problems are 
exacerbated by the increased concentration of arable cropping, which makes 
deadlines hard to meet without increasing machinery size further.  In the West, 
conversion to grass has resulted in production of embarrassing quantities of 
animal waste which presents disposal problems in the wet climate.  There, 
organic matter contents may not be falling, but the animal wastes can pollute 
waterways and lead to increased aerial burdens of ammonia and methane.  The 
increased stocking density causes poaching problems and soil structural damage 
in wet weather (Strutt, 1970).   Nitrate in ground water is less of a problem than 
in the East, because of dilution in the wet climate. The soil is also the recipient 
of industrial pollutants and waste products.  Acid rain is the most obvious, and 
much of the soil acidification and elevation of stream aluminium concentrations 
result from this.   In arable areas, and in intensively managed grass, the soil pH 
is sufficiently high to neutralise acid rain;  in fact the now-decreasing sulphur in 
acid rain was formerly beneficial to many crops.  The lowland land-user, 
therefore, was partly compensated for the cost of neutralising acidity by his 
receipt of sulphur, but in the uplands acidification proceeds unchecked, and is 
exacerbated by coniferous woodland heathland and moorland.   The result is 
progressive degradation of soil, flora, and stream and ground water quality.   
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Other pollutants include heavy metals from industrial processing or transport.  
These contaminate most lowland soils and are fixed by the high pH.  There 
remains a concern that this fixation, as with soil phosphorus, is not complete, 
and some do enter food chains and water courses.  Agricultural pesticides and 
their partial degradation products may also be leached from soil to further 
contaminate ground water. 
 
In terms of sustainability, a change in land use strategy to better integration of 
woodland, crops and grass would reverse many of the problems described, and 
would reduce dependence on non-renewable resources.  As such a strategy 
would tend to reduce output, by locating crops outside areas in which they 
produce greatest yield.  It would achieve an objective similar to set-aside.  In the 
uplands partitioning of land into that exploited for forestry, where soil surface 
wetness will be lessened and soils will attain the characteristics of better drained 
podzolic-soils disturbed by deep tillage, and other areas where mires can be 
maintained for conversation, is already in effect.  The range of species that can 
be grown in upland forests will also certainly change to less wetness-tolerant 
types as the soil dries.  This should encourage greater diversity, including 
deciduous species that will tend to recycle nutrients more effectively and 
produce a mineral soil capable of sustaining woodland output over a relatively 
longer period. 
 
The Government Strategy 
 
This analysis of the main changes occurring in soil highlights the same major 
issues as Chapter 10 of the Government's Strategy, but lays different emphases 
on them.   In particular, we are concerned about the use of the term 
"irreversible".  Changes in clay mineralogy, sesquioxide movement and 
argillation are effectively irreversible, but operate on a thousands-of-years 
timescale.  Soil pH and organic matter content changes are not irreversible - 
liming and change in management will reverse them, or alter their rate of 
change.  However, if soil has become acid enough for the clay minerals to be 
altered, then the change in other properties may be irreversible, even though the 
pH can be raised.  Organic soils in both uplands and lowlands will "waste" as a 
result of drying and liming, though a sufficient increase in wetness would 
restore the status quo:  such a reversal would be viewed as uneconomic and 
impractical in areas like the Fenland, but it is not impossible.  Such areas suffer 
from a dilemma - spectacular output today is bought at the price of reduced 
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output later, with no realistic mechanism to retain the long term potential for 
high output, other by ceasing to exploit that potential - i.e. flood the Fenland. 
 
The section on contamination in the Government's Strategy does not explicitly 
raise the issue of pesticides residues in soil and in the water draining from it.  
This is a more widespread problem than are the contamination issues which are 
discussed.  As the behaviour of exotic organics in pesticides is less well 
understood than are "heavy" metals, most of which are immobilised at high pH, 
and particularly on soils with a clay texture, we feel the official statement is 
somewhat limited in its scope. 
 
We agree that erosion in Britain is, on a world scale, a relatively minor issue.   It 
frequently is the result of inappropriate practice, sometimes associated with 
field enlargement.  Soil movement by creep or sheet erosion is more common 
than catastrophic erosion, and has often led to thinning of soil on convex slopes 
with deepening at the break of slope.   However, the impact of both of 
movement and erosion depends on the underlying materials;  if this is 30 m of 
boulder clay, the outcome is much less serious than if the soil lies immediately 
over chalk or hard rock.  In some parts of the chalklands in Southern England 
soil erosion has recently come to be recognised as a problem.    
 
Organic matter loss and nitrogen are inextricably linked, and we agree that 
much of the nitrate in water comes from loss of soil organic matter.  This is 
declining as a result of changes in the proportion of land use used for arable 
cropping and would be reduced by the reintegration of crops and stock 
described earlier.   Because currently organic matter is decreasing towards a 
lower equilibrium, then nitrate in water will decrease with time and the soil will 
reach a new stable state.   This future equilibrium, though, will not be consistent 
with current practice: -  soil structure deterioration will result in greater intensity 
of tillage; drought risk will be increased; pesticides and fertilisers will be less 
well retained and more nitrogen will be needed.   The current system of land 
management is, therefore, unsustainable. 
 
Phosphorus, it now appears, does leach slightly from soil into drainage water 
and may contribute to eutrophication.  We are concerned that the Strategy 
Statement does not mention this.   A more serious long term issue is that, of all 
the major plant nutrients, phosphorus has the smallest known world reserves.   
Recycling P from sewage, as well as bone, though not perhaps to the extent 
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Huxley suggested in Brave New World, would reduce dependency on imported 
rock phosphate.  This raises the problem of contaminating soil with heavy 
metals, and of the environmental and health arguments for and against sewage 
and urban waste disposal on farm land or forestry.   It also brings back the 
larger scale issue of the reintegration of crops and animals, alluded to in Para. 
10.10 of the Strategy, which would beneficially redistribute organic matter and 
nutrients, curb peak machinery demands and pesticide use, and generally reduce 
ecological and environmental stresses on land.   As the rotational farming 
systems of the 18th and 19th century were sustainable (Shiel, 1991), a move in 
this direction could be viewed as beneficial, even if output were to be reduced.  
This outcome is, after all, being sought by present policy through set-aside. 
 
Conclusions:  Future Research Needs 
 
The value of soils lies in their ability to continue maintaining a diversity of 
natural and managed ecosystems, in the economic products that can be obtained 
from them, from the wildlife and scenery that are associated with them, from 
their capacity to act as a buffer against pollution, and from the quality and 
reliability of supply of water draining from them. 
 
Soil science originated in support of agricultural production and has 
traditionally been associated with increasing output through improved use of 
fertilisers, drainage and irrigation.  Like modern agriculture, it has been a victim 
of its own success, and over-production of temperate foodstuffs, concern about 
environmental degradation and increasing leisure  for urban populations have 
led to the need for a revision of the rôle of soil in the environment. 
 
The altered objectives of modern society are such that new experiments appear 
to be necessary in order to examine the role of soil in the new situation and in 
the context of maintaining our environment.   This is almost certainly the case, 
but in addition there is a large volume of data from field experiments dating 
back in some cases over a century, from laboratory research, from research into 
soil genesis and from the database on soil distribution and properties, that can 
be interpreted with a new perspective.   Thus the effect on soil properties of 
planting woodland on arable land can be determined today by examining soil at 
Geescroft and Broadbalk Wildernesses (Jenkinson, 1971), while the effects of 
changing climate on crop growth on different soils can make use of the long 
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runs of yield and weather data at sites such as Park Grass and Palace Leas 
experiments (Coleman et al., 1987). 
 
In terms of policy, there is a clear need for a high quality soil database on a 
geographic basis, for more and better data on rates of soil forming processes, 
and for long term datasets obtained from experiments in different areas.   They 
would provide much of the data that is needed for scenario studies and for other 
forms of modelling necessary to predict the landscape and soil properties that 
may result from the adoption of various policy strategies, but this will only be 
successful if based on a sound knowledge of soil variability and soil processes.  
The efficient place for new research and new experiments is then to complement 
the existing data, particularly on rates of soil forming processes, and to test the 
prediction of models.   Greater emphasis should be placed on soils in the 
environment, rather than soil and agricultural production. 
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MICROBIAL DIVERSITY AND SUSTAINABILITY 
 
Tony O'Donnell 
 
Introduction 
 
Microorganisms play an integral and often unique role in the functioning of 
ecosystems and in maintaining a sustainable biosphere. Indeed, the role of 
microorganisms in maintaining the dynamic equilibrium and integrity of the 
biosphere is so critical that the continued existence of life is dependent upon the 
sustained, microbially-mediated transformation of matter in both terrestrial and 
aquatic environments.  That almost all biological processes in the environment, 
either directly or indirectly, involve microorganisms is often overlooked with 
the potential benefits of regulating, optimizing and exploiting microbial activity 
largely unexplored (Zedan, 1993).  Thus, it is now generally accepted that the 
extent of microbial diversity has not been adequately characterised and that 
there is an immense mismatch between our knowledge of that diversity and its 
importance in both ecosystem processes and economic development (Zedan, 
1993).   
 
Quantifying Microbial Diversity 
 
Unlike macroecologists, microbial ecologists working on natural communities 
are faced with quite unique challenges posed by, for instance: (i) the very large 
number of individuals per sample (e.g. more than 109 organisms per gram of 
soil (Torsvik et al., 1990a;b); (ii) the problem of differentiating between 
different populations and the very high diversity at a relatively small scale (e.g. 
more than 104 species per gram of soil (Klug and Tiedje, 1994); and (iii) the 
difficulty of defining a microbial species (Goodfellow and O'Donnell, 1993; 
Claridge and Boddy, 1994)  or some other unit that encompasses the appropriate 
level of diversity (O'Donnell et al., 1994).   The immediate challenge facing 
microbial ecologists is how best to quantify microbial diversity in natural 
environments. 
 
Estimates of the microbial diversity must accommodate the spatial and temporal 
variability in microbial populations.  Scale effects, both temporal and spatial, 
are not only of fundamental importance in the quantification of biodiversity, but 
pose basic questions for microbial ecology the resolution of which could lead to 
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the development of fundamental theories and hypotheses as to how microbial 
communities are structured in space and time; how they respond to 
environmental pressures and how diversity is connected to function (Klug and 
Tiedje, 1994).   
 
Spatial effects include an assessment of the relationship between community 
composition and scale. This is analogous to the area-species curve in 
macroecology but would require that appropriate measures of microbial 
diversity are substituted for the classical eukaryotic species.  The structure of 
such curves would be particularly important in predicting the location of 
undiscovered diversity and would provide insight into how microbial diversity 
changes relative to the environment. Such studies could be extended to include 
an evaluation of biodiversity in 'comparable' (e.g. the same soil type or similar 
vegetation cover) but geographically isolated habitats thereby providing 
information on microbial dispersal, evolution and selection (Klug and Tiedje, 
1994). 
 
Temporal shifts in microbial diversity are brought about by changes in the 
environment of the microorganisms and may be induced by the organisms or 
imposed on the community from outside.  A prerequisite to the quantification of 
diversity in natural samples is an understanding of the magnitude and level at 
which such changes operate. There is a need to know which taxonomic rank is 
most susceptible to change, what are the implications for estimates of microbial 
diversity at a given site, and can these data be used as quantitative indices of 
sustainability.  Advances in the analysis and quantification of microbial 
diversity will undoubtedly require extensive, collaborative, interdisciplinary 
studies. 
 
In addition to the development of new procedures, the efficacy and importance 
of existing techniques will need to be re-evaluated, and protocols developed to 
enable extrapolative approaches to be used in sites where limited resources 
preclude intensive studies.  Biodiversity estimates will need to be based on 
stable, readily analysed properties of the microbial community.  Estimates based 
on phenotypic, and to a lesser extent chemical techniques, are likely to reflect 
the physico-chemical environment and as such may be influenced by 
community composition and function at a particular site, at a given time.  Thus, 
sampling and collecting procedures need to be standardised temporally.  
Analysis of microbial communities using rRNA sequences is likely to be less 
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sensitive to variability in the physico-chemical environment providing the 
methodology can be improved and the bias in nucleic acid extraction and 
amplification procedures removed (Embley and Stackebrandt, 1994). 
 
Although significant steps have been taken over the last few years, the required 
technology remains in its infancy and is as yet unable to provide the tools 
necessary to quantify microbial diversity in anything but the simplest of natural 
habitats. Nevertheless, with an awareness of the limitations of existing methods 
and human resources, a re-assessment of the 'species' as the basic unit of 
microbial diversity, and the introduction of new methodologies, significant 
progress in the quantification of microbial diversity can be expected. 
 
Conclusions and Assessment 
 
The management and exploitation of microbial diversity has an important role 
in sustainable development with the industrial and commercial application of 
microbial diversity worth millions of pounds.  Given the heterogeneity of 
natural environments and the enormous potential of microorganisms to provide 
novel pharmaceuticals, fine chemicals and new technologies, the biotechnology 
industry has a vast, largely untapped resource for the discovery of new 
chemicals and novel processes.   However, despite the obvious economic value 
of microbial diversity, microorganisms have been largely ignored in debates on 
the conservation and management of global diversity.  There is, therefore, an 
urgent need to persuade policy-makers to be more concerned about the 
conservation, management and exploitation of microbial diversity.    
 
There are a number of reasons why the conservation of microbial diversity has 
not received the same attention as plants and animals.  For example, 
microorganisms are invisible, less familiar and perceived primarily as agents of 
disease.  With respect to the role of microorganisms in sustainable development, 
little is known about the potential contribution of microbial diversity to the 
national economy, to wealth creation and to improvements in the quality of life.  
An appreciation of these factors might be one way of changing government and 
public perception of microorganisms by showing that the sustainable use of 
microbial diversity has positive economic value.  This would help justify the 
costs involved in conserving microbial diversity, but equally provide a useful 
indicator of the costs of  inaction.  In terms of the scientific rationale needed to 
underpin policy, we are limited by our inability to quantify microbial diversity.  
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This makes it difficult to indicate what needs to be conserved in order to support 
our biotechnology industries and  to understand fully the interactions between 
organisms responsible for maintaining a functional ecosystem. 
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THE LANDSCAPE RESOURCE 
 
John Benson 
 
Introduction 
 
This discussion paper is in four parts - a brief review of landscape as a valued 
resource and as a conceptual framework, a commentary on the Government's 
Strategy for sustainability (with special reference to agriculture) and selected 
observations on the research and policy implications. 
 
Analysis and Prescription 
 
The UK landscape is diverse and highly valued, both nationally and 
internationally; this includes not just the special places - National Parks (NPs), 
Areas of Outstanding Natural Beauty (AoNBs) and Sites of Special Scientific 
Interest (SSSIs) - but the whole jigsaw.  Surprisingly, comprehensive 
assessments of this landscape resource are recent; for example, a series of 
assessments for AoNBs (e.g. Countryside Commission, 1994) and the 1990 
Countryside Survey, culminating in the Commission's ambitious New Map of 
England Project (Gilder, 1994).  English Nature's focus has until recently been 
mainly site-specific (National Nature Reserves and SSSIs), although this is 
changing with ideas and prescriptions for Natural Areas (English Nature, 1993).  
Changing policies in forestry (towards multi-purpose use and community 
forests) and in agriculture (through CAP reform, ESAs and NSAs) are also 
focusing on environmental impacts, change, conservation and creation at a 
landscape scale.  Landscape as a resource therefore embraces not just land-use, 
biotic and environmental elements, but also a complex range of social and 
cultural elements and values. 
 
Landscape is also, therefore, a scale factor, providing a regional dimension 
interposed between a national framework which focuses on land or resource use 
or sectors in the rural economy, and a local framework which can often be farm, 
site or use-specific. 
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The Government's Strategy on Pollution 
 
The UK Government (1994) is clear that rural land use, particularly agriculture, 
is responsible in turn for the creation, production, maintenance, change, damage 
and destruction of the landscape in broad terms.  It also acknowledges post-war 
trends, driven latterly by the CAP, and a new (if tentative) move towards 
environmentally sensitive agriculture.  The Strategy statement can be (and has 
been) criticised on several issues.  Four points can be highlighted: 
 
(a) Like sustainability, the statement emphasises integration and balance, and 
argues that production of food and protection of the environment need not be 
conflicting activities.  While this may reflect a wish for the future, it is not an 
accurate diagnosis of the past.  In fact many have argued, both theoretically and 
empirically, that agriculture and conservation are diametrically opposed; the 
former seeks simplicity and high productivity whilst the latter seeks diversity 
and low productivity.  Most modern agricultural technologies (and the CAP) are 
driven by a desire to remove diversity - to move (the agricultural disadvantages 
associated with) soil type, hydrology and drainage, microclimate and vegetation 
type towards an imaginary level playing field, all based on short time horizons.  
In consequence, elements of the diversity left from centuries of husbandry 
become disused, fall derelict and decay, and are replaced by new elements.  An 
inexorable process of modernisation occurs.  These fundamental conflicts, and 
their consequences need to be explicitly recognised. 
 
(b) The Strategy says relatively little about 'landscape' either as a scale 
concept or as a resource.  For example, occasional reference is made to the 
'appearance of the landscape' or to 'natural beauty' or 'landscape and wildlife 
habitats', but there is only a limited recognition or treatment of 'landscape' as a 
resource, and only brief reference to statutory designations for landscape 
protection, including NPs and AoNBs.  The Strategy fails to emphasise 
sufficiently the social and cultural dimensions of sustainability in addition to the 
economic and ecological issues (Countryside Commission, 1993). 
 
(c) Such conceptual thinking as can be discerned refers either to the whole of 
the UK (the countryside, rural areas) or to generally small areas or sites - SSSIs, 
NNRs, ESAs, NSAs etc.  There is a significant gap - the regional scale - about 
which the Strategy has little to say, beyond brief references to integration. 
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(d) The Strategy is coy about what exactly is to be sustained - apparently 
biotic and environmental systems - but also consumption, jobs, profits, social 
and cultural values.  The Strategy also says very little explicitly about two other 
key elements of sustainability - social justice and equity - and rather more about 
efficiency.  Nor does it define sustainability sufficiently to discern whether a 
'very weak', 'weak' or 'strong' version is being promulgated (Pearce, 1993); 
diagnosis would suggest 'very weak'.  There is passing reference to 'natural 
environmental capital', but no indication of whether any (and how much) of this 
is to be regarded as 'critical', and certainly no attempt to define what this might 
be, or how it might be safeguarded.  Could critical natural capital be the idea 
which forces a reappraisal and simplification of the plethora of 'landscape' and 
'wildlife' designations which clutter the countryside? 
 
Research Issues 
 
Sustainability draws attention to the interconnectedness of elements - primarily 
the economy and the environment - and hence agriculture (and other rural and 
urban land uses) and the atmosphere, soil, water, flora and fauna, and human 
elements and values.  It follows that the search for integration and balance needs 
an integrated conceptual framework within which to analyse the past, envision 
the future, and develop the policy framework and tools to allow society to move 
from 'here' to 'there'.  A regional landscape framework provides such a potential 
tool.  There are now a range of research initiatives (e.g. O'Riordan et al., 1993; 
O'Callaghan, this volume) and experimental or innovative policy initiatives (e.g. 
Bishop and Phillips, 1993; NRA Catchment Management Plans), which provide 
a foundation and begin to sketch out frameworks for new ways of thinking 
about the future landscape and the elements within it.  However, disciplinary 
integration, as well as policy integration, remains elusive. 
 
Policy Issues 
 
It is arguable that most conservation or landscape policy in the countryside 
remains preservative or conservative.  Despite the introduction of modest 
initiatives for 'enhancement' into ESA, Wildlife Enhancement Schemes or 
Countryside Stewardship initiatives, large-scale or ambitious re-creation is 
largely absent.  Policy for the countryside needs more than a palette of 
statements and instruments designed to move in the general direction of the 
precautionary principle, a less costly CAP, environmentally sensitive farming, 
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or to save interesting (valued) pieces of the jigsaw.  It needs a vision or a map of 
the future, what in developing policy ideas in North America on ecosystem 
management have come to be called 'desired future conditions'.  In other words, 
what is an area of countryside and the natural and human elements within it, 
intended to look like in fifty (or more?) years time?  The North Americans' 
'desired future condition' can be likened to the 'targets' which are widely 
advocated in the UK (Countryside Commission, 1993; Coates and Kayes, 
1993), although the target as 'limit' or 'capacity' (on water abstraction, for 
example), is not the same as 'desired future condition'.  This is not to argue for a 
form of 'end-state planning' or absolute definitions of sustainability.  However, 
if these objectives or targets - the conditions for sustainability, if preferred - 
cannot be specified, the effectiveness of policy instruments cannot be evaluated, 
and sustainable conditions can never be known. 
 
Many of the instruments are available or are in place, and will be referred to by 
other contributors - environmental appraisal and impact assessment, auditing 
and state of the environment reports, internalising environmental costs, CAP 
reform and specific site targeting  - but it is clear that the targets, the capacities, 
the desired future conditions, have not been specified.  An integrated regional 
landscape framework could provide the structure within which to develop such 
a vision. 
 
The statutory land-use planning framework, matched by informal strategies, 
management plans and similar documents, provide existing examples of 
planning frameworks.  The need is to broaden their compass.  The recent 
decision that England will not have a single conservation agency does not bode 
well for the prospects of the UK taking further steps towards an integrated 
agency for (sustainable) rural affairs.  Sustainability suggests the need for whole 
landscape planning and integrated agricultural practices. 
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RESPONSE TO PAPERS ON THE NATURAL RESOURCE 
 
Mark Tilzey1  
 
The papers have identified a number of the shortcomings in the Sustainability 
Strategy.  These include a general incompatibility, despite a call for greater 
integration, between current capital intensive forms of production and 
environmental protection; the lack of what might be termed a 'mesoscale' frame-
work, such as landscape or Natural Areas, on which to base integrated policy 
and, closely related to this, the dichotomisation of the countryside between 
'special' areas on the one hand and those subject to unconstrained orthodox 
farming practices on the other; and the failure to address issues of social equity 
or to define the concept of critical natural capital. 
 
The issue of critical natural capital raises the question of whether biodiversity 
and resource conservation should be absolutely constraining and is, therefore, 
the acid test of the Government's commitment to 'strong' sustainability.  I would 
suggest that critical natural capital may be defined using two criteria: 'cultural' 
and 'functional'.  'Cultural' refers to decisions taken in favour of 
biodiversity/resource conservation where the resource in question is not 
considered to be functionally necessary to the continued operation of the 
economic system.  'Functional' refers to such decisions where the resource in 
question is considered to be functionally necessary to the continued operation of 
the economic system.  An example of 'cultural' critical natural capital might be 
the 'macroecological' native conservation resource of this country; an example 
of 'functional' critical natural capital might be the microecological and soil 
resources described in O'Donnell's and Shiel and Payton's papers. 
 
Decisions regarding the conservation of 'macroecological' biodiversity in this 
country since the Second World War have been premised largely on cultural 
considerations, because such biodiversity has not been considered critical to the 
functioning of agricultural systems.  Once such a culturally premised 
commitment to nature conservation has been made, however, the question then 
becomes "What level of macroecological biodiversity needs to be retained in 
order to conserve that resource?"  In this regard, while the nature conservation 
value of biodiversity may be ranked, albeit with some difficulty, on a semi-
                                                 
1  Any views expressed here are personal ones and should not be construed as being held by 
English Nature. 
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objective basis, as Rushton suggests, the decisions about which levels of 
biodiversity to protect, along what is in actuality a natural resource continuum, 
are necessarily somewhat arbitrary and, it may be argued, ultimately political 
rather than simply scientific.  'Cultural' critical natural capital might be 
relatively easy to define, for example, for the English lowlands where 
frequently there are very distinct disjunctures between degraded and semi-
natural habitats.  However, even in situations such as these, where biodiversity 
has been reduced to what must be considered to be a critical level in respect of 
its own longer term survival, the Government still does not consider all SSSIs, 
for example, to be inviolate in respect of development pressure.  The current 
planning system and the Habitats Directive will dictate, for political reasons, 
that only the very apex of the biodiversity pyramid, i.e. NNRs, NCR, SSSIs, 
SACs, will be afforded such non-negotiable protection. 
 
While the further erosion of 'macroecological' biodiversity may not be critical in 
terms of basic ecological functions (although globally, of course, this is a very 
moot point), the point to be made here surely is that such erosion is part and 
parcel of the process, generated by the current economic system, which is 
threatening to transgress the limits of 'functional' critical natural capital.  In this 
way, the erosion of macroecological biodiversity could be regarded a 
symptomatic of the 'dysfunctionality' of orthodox agriculture.   If, as Shiel and 
Payton suggest, the maintenance of 'functional' critical natural capital qua soil 
conservation requires a rediversification of agriculture towards mixed systems, 
then this will likely bring in train the integration between agricultural and 
environmental policy for which macroecologists have been calling. 
 
The scientific case for conservation of biodiversity and natural resources has 
largely been made, in terms both of the 'functional' and 'cultural' criteria 
identified above.  While we may not know fully what is meant in practice by 
critical natural capital, the precautionary principle surely dictates that we should 
not continue along the current economic course in order to find out.  If the case 
for 'strong' sustainable development has been made but not heeded, then I would 
suggest that we must look to political explanations for the various lacunae in the 
Government's strategy. 
 
At risk of anticipating later discussion, it is nevertheless useful to deconstruct 
the Sustainable Development Strategy and view it as a reflection of the 
contradictions and tensions within the present politic-economic conjuncture.  
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The major contradiction here might be taken to be a triad comprising a) the 
tendential demise of Keynesian interventionism; b) the rise of neo-liberalism 
and; c) the commitment to implement sustainability goals.  This contradiction is 
encapsulated in the Government's attitude towards CAP reform as expressed in 
the Strategy where it claims a) to work for the full integration of environmental 
considerations into the CAP and; b) to work for more liberal world trade, 
encourage a more rational use of resources and thereby a more internationally 
competitive agriculture.  As we have seen, the Government's commitment to a) 
is heavily compromised by a dichotomous view of countryside, a view which 
has spawned a sectoral division between agricultural and environmental policy 
and a concomitant plethora of 'dis-integrated' environmental incentive schemes 
generally existing in a relation of marginality and competition with CAP 
support measures.  The Government might claim this view to be a legacy of the 
Keynesian past, and that all will be well in the brave new world when objective 
b) is satisfied.  Objective b) of course conforms to the prevailing orthodoxy of 
today's neo-liberalism, which urges the removal of protectionism and 
production subsidies and which, in the form of GATT, will henceforth define 
the parameters within which the CAP can operate.  Objectives a) and b) are not, 
I would suggest, the natural bedfellows that orthodoxy and the Government 
would have us believe, however.  Broadly, the integration of environmental 
considerations will require farmers to internalise costs which are currently 
externalised.  This requirement is likely to compromise international 
competitiveness to one degree or another in the absence of some form of strong 
environmental regulatory framework co-extensive with GATT, or some 
'technofix' solution which is able to square competitiveness with meeting 
environmental objectives.  There is a growing view that the GATT will tend to 
subvert sustainability objectives generally, but particularly in the Third World.  
Within the EU, a compromise is likely to be in the offing - the 'Green Box' 
exemption from GATT will enable the CAP to make direct 'environmental' 
payments to farmers, thereby, in effect, subsiding the costs of internalising 
externalitites by means of a sort of deficiency payment. 
 
Social considerations and the environmentally strategic character of agriculture 
will, despite the Government's free trade rhetoric, probably entail a confirmation 
and expansion of environmental incentive schemes and the wider use of 
conditionality/cross-compliance mechanisms within agriculture generally.  This 
means that there is likely to be continued intervention in the market, but in a 
manner designed to reduce output and to generate environmental benefits.  
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Whether there will be an integration of environmental objectives into farming 
throughout the landscape, such as advocated in Shiel and Payton' s paper, will 
depend upon a working out of the contradictions identified above concerning 
the pressure to be internationally competitive on the one hand, and the pressure 
to achieve sustainability objectives through a full internalisation of social and 
environmental costs on the other. 
 
Where does English Nature fit into all this?  The Nature Conservancy Council's 
role was (the albeit unwilling) one of site- and species-focused designation and 
protection.  The NCC largely contented itself with the ranking and cataloguing 
described in Rushton's paper which, while having semi-objective scientific 
validity, as we have seen, served, however unwittingly, to legitimate the 
dichotomisation of the countryside and the continued erosion of biodiversity.  
The economic policies and processes which transformed the wider countryside 
and continued to compromise nature conservation objectives on the 'special 
sites' themselves went largely unchallenged.  (The limitations of this view and 
the political constraints imposed on the NCC were identified, however, in 
Nature Conservation in Great Britain published in 1984). 
 
English Nature has come to the realisation that nature conservation objectives 
cannot be addressed solely through a regulatory and site/species-based approach 
and is not talking of environmentally sensitive management of the whole 
countryside.  Within this new conjuncture, EN is basing its nature conservation 
objectives on the Natural Areas concept, which hopefully will provide the 
'mesoscale' framework needed to generate the 'desired future condition' to which 
Benson refers.  Within the concept is the notion of quality profiles; what EN 
wishes to see happen to the nature conservation resource at three levels of 
quality: the 'special', the 'second tier' and the degraded.  While EN has the 
scientific conceptual framework for defining its nature conservation objective, it 
has yet to define its position in respect of the policies whereby these objectives 
might be delivered.  EN appears currently to be advocating voluntaristic 
approaches involving the promotion of personal stewardship.  The shortcomings 
of such approaches in respect of a sector as heavily interventionist, and 
therefore with as much potential to generate environmental benefits, as 
agriculture should hardly require emphasis.  The debate within EN is ongoing, 
however, and it may well be that, with time, the potential benefits of articulating 
environmental policy with (reformed) CAP support structures will be more fully 
appreciated. 
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DEGRADATION OF WATER RESOURCES 
 
John Gowing 
 
 
Scope 
 
This contribution seeks to examine the UK Strategy for Sustainable 
Development (UK Government, 1994) in so far as it deals with the relationship 
between agriculture (Chapter 15) and water (Chapter 8).   The science base for 
the discussion presented here is hydrology, which provides useful analytical 
linkages between these issues.   To meet the needs of sustainable development, 
the UK Strategy aims to safeguard the quality of soil, water and air.   The extent 
to which the Strategy for agriculture is consistent with protection of water 
resources, in particular, will be considered, and some implications for the 
direction of future policy and research will be outlined. 
 
Water is a renewable resource, and therefore sustainable water resource 
management is not concerned with water conservation to ensure availability of 
future supplies.   In general, reduced consumption today will not increase the 
quantity of water available to future generations.   The crucial issue is 
environmental sustainability, which translates into concern for maintenance of 
amenity, aesthetic and recreational value of the water environment and for 
protection of habitats. 
 
Contribution of Hydrological Science 
 
Hydrology is pre-eminent amongst the environmental sciences as a unifying 
systems science and is concerned with the circulation of moisture in its various 
phases through the environment.   The quantification of stores and fluxes 
constituting the hydrological cycle provides a sound basis for dealing with the 
high degree of spatial and temporal variability, which is inherent in all 
environmental systems. 
 
Hydrological forecasting depends upon an ability to predict the behaviour of the 
system on the basis of knowledge of the present and past and the use of 
modelling techniques.   Stochastic models represent the operation of the system 
by means of a statistical analysis of past data.   Deterministic models represent 
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the behaviour of the system by means of a mathematical description of the 
various processes operating. 
 
Physically-based, distributed hydrological models are powerful tools for 
analysis of sustainability (Gowing and Wyseure, 1994;  O'Callaghan, 1994).   
They can be used to predict the long-term impact of agriculture on the 
environment, including water quantity assessment, water quality assessment and 
implications for the water environment. 
 
UK Agriculture and Water Resources 
 
Water Quantity 
 
The UK benefits from abundant water resources, which well exceed demand in 
an average year.   However, the resource/demand balance varies greatly from 
year to year and from region to region.   If available resources are considered 
for planning purposes as source yields during a 1 in 50 year drought, then some 
regions are already approaching full utilisation (NRA, 1994). 
 
Present agricultural demand is only 1% of total abstractions (from groundwater 
and non-tidal surface water).   In dry years most (over 70%) of this is used for 
irrigation. The significance of this irrigation demand is greater than it seems for 
a number of reasons: i) it is concentrated in areas of central and eastern England 
where water resources are fully committed; ii) it is concentrated at times when 
resources are most stressed; iii) in contrast with other uses, it is almost wholly 
consumptive such that there is very little return flow; and iv) it is expected to 
increase at a higher rate than any other demand category in the next 30 years. 
 
It should be noted that the law treats irrigators differently from other water users 
(Streeter, 1993) in that abstraction can be restricted by NRA during periods of 
water shortage.   This poses severe problems for growers of potatoes, vegetables 
and fruit who depend upon irrigation to enable them to meet demands of 
retailers and processors for a continuous reliable supply of high quality produce. 
 
Water Quality 
 
The U.K. landscape is largely shaped by agriculture, which covers 77% of land 
area, with forests/woodland covering another 10% (UK Government, 1994).   
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Clearly, therefore, with the exception of some mountain catchments and heavily 
urbanised lowland catchments, the terrestrial component of the hydrological 
cycle is intimately linked with agricultural land-use.   Runoff rate and volume, 
sediment transport and pollution loading are all influenced by land use and 
management.   Concern over the impact of agriculture on water quality is 
relatively recent and relates to the intensification of both arable and livestock 
farming.   Water resources are vulnerable to pollution from diffuse and point 
sources and agriculture is implicated in both cases (NRA, 1992). 
 
Point source pollution is mainly associated with livestock farming and is caused 
by slurry, yard and parlour washings and silage effluent.   These are very strong 
organic pollutants with BOD1  loads many times higher than raw domestic 
sewage.  Consequently, pollution incidents have tended to be severe and 
agriculture has generally contributed a large proportion of major incidents.   
Recent data suggests that this may no longer be the case, but different weather 
conditions may have been a contributory factor, since farm pollution incidents 
show a higher degree of weather dependence than other causes.   In any case, it 
should be noted that recorded figures on pollution incidents may substantially 
under-estimate the true incidence of water pollution from farms (RCEP, 1992) 
since much of the impact will occur in small streams and may be more diffuse 
in nature. 
 
Diffuse pollution is more usually associated with arable farming and, in 
particular, with the use of nitrate and phosphate fertilisers and with pesticides.   
Leaching of nitrate and phosphate into rivers and ultimately into the sea gives 
rise to concern over nutrient enrichment.   Nitrate, in particular, is also 
associated with concern for its impact on human health.   Adoption of the 50 
mg/l limit in the EC's Drinking Water Directive of 1980 stimulated research into 
the environmental fate of fertiliser nitrogen and its impact on groundwater 
quality in particular.   As a result, some groundwater sources were abandoned 
and measures were introduced to control nitrate use in vulnerable groundwater 
zones.   The same EC Directive also imposed limits on pesticide levels in 
drinking water.   Subsequently, closer monitoring detected individual pesticides 
at concentrations above the adopted limit in 2% to 3% of samples.   Pesticides 
vary in their chemical and physical characteristics and mechanisms governing 
their mobility and degradability in the aquatic environment are imperfectly 
                                                 
1 Note: BOD (biochemical oxygen demand) is a measure of the ability of an effluent to 
deplete the dissolved oxygen level in water. 
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understood (RCEP, 1992).   Although pesticides have been detected in both 
surface water and groundwater, it is the latter resource which gives rise to 
greater concern, because of the limited capacity for self-purification. 
 
Water Environment 
 
Recent surveys of the quality of rivers, lakes and canals in the UK have shown 
that the great majority are of good or fair quality.   NRA surveys for England 
and Wales showed a gradual improvement during the twenty years up to 1980, 
which was reversed during the following decade, but show further improvement 
since 1990.  Perceived long-term problems (as distinct from pollution incidents) 
are chronic low-flows, eutrophication and loss of habitat/biodiversity. 
 
The problem of low-flows is caused by excessive abstractions either from the 
rivers directly or from groundwater which supports the baseflow.   A priority 
list of 40 locations has been prepared (NRA, 1993).   Agriculture has been 
implicated only in three cases where abstraction for irrigation contributes to the 
problem.    
 
The problem of eutrophication in freshwater is largely controlled by the 
presence of phosphate.   Overall, agriculture contributes only 20% of the total 
load with 75% coming from domestic sewage, however concentrations are 
subject to regional variation.   In seawater the controlling nutrient is nitrate for 
which the main source is agriculture.   The UK as signatory to the North Sea 
Conference is committed to reduce nutrient input by 50%. 
 
The problem of loss of habitat and biodiversity is broad, but focusing on the 
impact of agriculture two important issues are pesticides and wetlands.   
Previously pesticides have been considered in the same way as other pollutants 
in relation to specific 'incidents', but their persistence may lead to more 
insidious long-term effects.  However, knowledge of long-term ecotoxicological 
effects remains inadequate (RCEP, 1992). 
 
Damage to wetland habitat through agricultural activity arises from nutrient 
enrichment and drainage.   Habitats most affected include freshwater marshes, 
fen, saltmarsh, river flood plains, farm ditches and ponds and watermeadows.   
Lack of accurate data on the extent of drainage creates great difficulty in 
assessing the impact.  It has been estimated that approximately 50% have been 
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affected since 1945 (Lowe et al., 1986).   It should be noted that water 
abstraction has also had significant effect on some wetland sites in England, 
including important SSSI's. 
 
Comment on the UK Strategy 
 
The stated aim of the UK Strategy is to safeguard the quality of air, soil and 
water.  This is to be achieved by adoption of a number of measures which will 
encourage environmentally friendly farming. 
 
Existing measures specifically mentioned in the strategy document include: i) 
Environmentally Sensitive Areas (ESA's):  33 of which exist covering in total 
2.7 million hectares; ii) Nitrate Sensitive Areas (NSAs):  10 of which exist 
covering in total 10,700 hectares; iii) Sites of Special Scientific Interest (SSSIs):  
6000 of which exist covering approximately 1.9 million hectares2 . 
 
Expansion of the area covered by ESA's and NSAs is proposed in the document.  
Outside these protected areas, the Strategy places reliance on action at the farm-
level, recognising farmers' dual role as producers of food and guardians of the 
countryside.  It proposes greater emphasis on direct payments to encourage 
environmentally sensitive farming, as in the Farm and Conservation Grant 
Scheme (FCGS). 
 
Both within the protected areas and outside them, the success of such a strategy 
depends upon knowledge of the link between specific management practices 
and their environmental consequences.  It is necessary to set measurable 
management goals and to monitor performance against these targets.  This leads 
to problems in dealing with spatial and temporal variability. 
 
It is acknowledged in the document (Chapter 34) that in order to measure 
change in the environment we require a set of key indicators.  For rivers these 
take the form of water quality indices against which it has been the practice 
since the 1970's to set informal local river quality objectives (RQO's) covering 
so-called 'main rivers'.  These are now being gradually replaced by statutory 
water quality objectives (WQO's) and as part of this process a new classification 
scheme has been introduced (DoE, 1992) together with a new method for 
                                                 
2   Note: All data as at 31/3/93. 
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general quality assessment (GQA).   The system of use classes is based on 
objective standards and measurable parameters, but by implication it provides 
different levels of protection to different watercourses.  It includes a Special 
Ecosystem Use Class. 
 
The GQA provides a basis for monitoring but does not form part of the statutory 
scheme for WQO's.  The principal elements are chemical and biological 
assessments together with aesthetic classification and nutrient status.  The 
introduction of the biological assessment is a notable development in response 
to the recent RCEP Report on Freshwater Quality (RCEP, 1992).  Biological 
assessment techniques, which are still under development, have the desired 
characteristics to provide a key environmental index. 
 
Standards for the protection of groundwater and methods of monitoring quality 
of groundwater resources are less satisfactory and can be expected to receive 
more attention in future.  A national network of groundwater monitoring sites is 
being developed by the NRA. 
 
In advocating the system of statutory WQO's, it is acknowledged that pollution 
from agriculture is not amenable to controls based upon a system of discharge 
consents. The approach adopted is based on advice and assistance to farmers.   
For example, a Code of Good Agricultural Practice for the Protection of Water 
(MAFF, 1991) has been issued and adoption of sound management plans has 
been  linked to provision of grant aid under the FCGS. 
 
In spite of the acknowledged problem of meeting agricultural demands 
(particularly in East Anglia) it is proposed in the document (Chapter 15) and in 
the recent water resources strategy (NRA, 1994) that this is a matter for 
individual farmers or for co-operation between farmers.   Investment in winter 
storage reservoirs is advocated but grant assistance is not available, and reuse of 
wastewater as advocated by CPRE (Rees, 1993) continues to receive little 
attention. 
 
Future Policy and Research 
 
Successful implementation of a UK strategy for sustainable development of 
agriculture requires that policies and practices are in place that will protect the 
aquatic environment.   Some specific issues that arise are: 
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(1) There is no groundwater equivalent of the regular national survey of 
river quality.  In the absence of comprehensive data, the state of groundwater 
resources remains uncertain and success of any aquifer protection policy cannot 
be measured. 
 
(2) The introduction by NRA of biological assessment techniques for river 
quality is welcome and further research into biological indices should be 
supported. Ways of extending the routine survey to small watercourses requires 
investigation.  Much of the pollution load from agriculture is discharged to 
these small watercourses. 
 
(3) Environmental standards for pesticides do not reflect toxicology of 
individual compounds nor any assessment of their persistence in the 
environment.  Alongside any policy to improve monitoring of pesticides it will 
be necessary to develop science-based standards. 
 
(4) Policy for groundwater protection includes designated protection zones, 
but this approach is not applied to watercourses.  It would be desirable to 
designate vulnerable watercourses and investigate scope for giving them 
protection in this way.  Specific regulations for intensive livestock units should 
be incorporated. 
 
(5) Intensification of agriculture during the 1970s and 1980s had significant 
impact on the extent and quality of valuable wildlife habitats, notably wetlands.  
In order to reverse this trend and promote restoration of wetlands and other 
important habitat types, research is needed to establish a scientific basis for 
successful manipulation of these environments, e.g. required hydrological 
regime. 
 
(6) With less than 10% of the land surface covered by forest, the UK is one 
of the least-wooded countries in Europe and existing policy promotes the 
conversion of surplus agricultural land to woodland.  Previous hydrological 
research into the impact of afforestation have been concerned with upland 
catchments.   There is a need to investigate the impact of lowland forestry. 
 
(7) If a sustainable strategy for agriculture is to embrace the 'precautionary 
principle', then we cannot escape the need for active land-use management. 
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There is some evidence of a move in this direction in that NRA is beginning to 
develop catchment management plans.  This begs the question, what is 
sustainable catchment management? and can it be monitored by existing 
procedures?   There may be a case for setting land-use classes in parallel with 
the system of water-use classes.  There is certainly a strong case for supporting 
research into use of hydrological modelling techniques and experimental 
catchments to predict impact of land-use management. 
 
(8) The potential contribution of effluent reuse to management of water 
resources has received little consideration (NRA, 1994;  Rees, 1993) but may 
help to support the water environment and may also provide a valuable resource 
to irrigators.  There are implications for public health and for river quality.  This 
resource management option merits more serious consideration in UK. 
 
(9) The irrigation demand, especially in East Anglia, poses serious resource 
management problems which cannot be resolved by individual farmers.  
Irrigators require greater assurance of their supply in order to meet demands 
imposed on them by the customers for their produce.  Regional water 
management schemes therefore merit investigation. 
 
(10) There is growing support for the idea that less reliance should be placed 
on the environment for processing waste (RCEP, 1992).  We can anticipate 
tightening of control in accordance with the BATNEEC principle already 
adopted by the UK Government.   If applied to agriculture this will impose new 
demands and farmers will require support in developing new technology for 
pollution control. 
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SUSTAINABLE AGRICULTURE, NITROGEN AND  
THE MARINE ENVIRONMENT 
 
Nicholas Owens 
 
An areas of considerable concern currently in estuarine and marine 
environmental sciences is eutrophication.  There are many definitions of 
eutrophication.  None of them is ideal, but a simple working definition might 
be:- 
 
'eutrophication is the undesirable stimulation of aquatic plant 
growth through the addition of above natural quantities of 
nutrients'. 
 
Implicit in this definition, although not a condition of the phenomenon per se, is 
that eutrophication leads to undesirable consequences.  The phenomenon is 
frequently described by a variety of imprecise and colloquial terms, for 
example, 'algal blooms', 'red tides', 'dirty water' and so on. 
 
The phenomenon of eutrophication is not new, there being numerous references 
to (unusually) large growths of marine plants in both the scientific and non-
scientific literature.  However, there is a perception that eutrophication is a 
modern and increasing problem and that nutrient (in particular, nitrogen) inputs 
from agriculture are, in large part, responsible.  This is largely due to inaccurate 
reporting of the more obvious features of eutrophication.  It is also particularly 
difficult to separate genuine increases in the frequency of 'eutrophication 
induced events' from more frequent reporting.  It is, therefore,  useful to 
summarise some of the major features of marine algal growth before 
considering the possible link between eutrophication and agriculture. 
 
Marine plants, which are almost exclusively macro-algae (seaweeds) or 
unicellular free-floating micro-algae (phytoplankton), typically exhibit major 
fluctuations in growth and biomass over an annual cycle in temperate latitudes.  
In common with most temperate plants, growth is maximal in spring and 
summer.  This is due primarily to increased light availability, with temperature 
being only of secondary importance.  A period of intense algal growth is termed 
a 'bloom'.  There is no absolute definition of a bloom, nor a quantitative scale.  
Rather, it is an imprecise, relative scale. 
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Although light availability is under the control of seasonal increases in solar 
irradiance, the marine environment is subjected to a major influence of the 
physical environment through stratification of the water column.  The warming 
of the water column results in a density layering that effectively isolates an 
upper, well-lit surface layer from a deep sub-surface layer which generally 
cannot support photosynthesis and algal growth.  Thus phytoplankton growth is 
commonly stimulated at the sea surface by increased light availability induced 
by purely physical features.  While thermally induced vertical stratification is a 
more common feature of off-shore (including mid-ocean) sea waters, near-shore 
stratification is commonly observed through the influence of the buoyant, 
relatively freshwater plumes of rivers and estuaries.  The physical constraint of 
vertical stratification can lead to extremely high concentrations of 
phytoplankton (i.e. an algal bloom).  This general phenomenon is a feature 
common to almost all temperature seawaters and is induced typically during the 
spring; this has given rise to the term 'spring bloom'. 
 
Other physical concentrating mechanisms act on phytoplankton to compound 
this phenomenon.  For example, vertical stratification is considerably enhanced 
during periods of calm weather, when the reduction of wind induced mixing 
strengthens the density stratification.  It is notable that many of the recent 
blooms that have received widespread media attention have occurred during 
periods of exceptionally calm weather.  Clearly, this mechanism highlights that 
major variations in algal biomass occur as a result of factors unrelated to 
nutrient availability. 
 
Although light availability has a profound influence on marine algal growth, 
nutrient availability clearly is also of vital importance.  For various geochemical 
and nutrient recycling reasons, nitrogen is the least available of all the major 
growth nutrients.  This has lead to the simplistic view that nitrogen is the factor 
limiting marine algal growth and thus the link between nitrogen inputs from, for 
example, 'agriculture' and stimulated marine algal growth. [Note the contrast 
between the marine and freshwater systems where dissolved phosphate is 
usually the nutrient potentially likely to be limiting.  This leads to the 
conclusion that there must be a 'switch' between 'potential'   phosphate and 
nitrogen limitation at some point in most estuaries]. 
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There is no doubt that during intense algal growth the concentrations of 
inorganic nutrients decline markedly, and that the lowest concentrations 
measurable by analytical means are invariably those of inorganic nitrogen.  
Furthermore, a budgeting approach comparing calculated nutrient biomass of 
the algae with the 'standing stock' of nutrients indicates that inorganic nitrogen 
is the limiting nutrient.  However, this approach ignores firstly, the possible 
utilisation of nitrogen sources other than those operationally measured and 
secondly, the rates of supply of nutrients which do not enter the 'standing stock' 
pool.  There is an urgent need for detailed research to investigate these two 
aspects.  Some recent work in the North Sea, for example, has demonstrated that 
the principal nitrogenous nutrient supporting phytoplankton growth was 
ammonium, probably regenerated by in situ  processes from organic nitrogen, 
rather than riverborne nitrate. 
 
A further consideration of importance is the cycling of nutrients that occurs in 
estuarine and marine waters prior to any possible utilisation by marine algae.  It 
is worth noting that the estimates of the delivery of nitrogen to UK coastal 
waters from rivers is based on nitrogen concentration data from gauged stations 
usually upstream of the limit of tidal influence in estuaries.  Nitrogen in 
particular is highly labile in aquatic systems, being rapidly transformed by a 
variety of nitrogen cycling processes.  The most important of these in relation to 
potential nitrogen sources from agriculture is denitrification.  Denitrification, 
the microbial conversion of nitrate to gaseous end-products, is a sink for 
nitrogen and occurs extensively in estuarine and probably coastal sediments.  
There have been few attempts made to quantify the overall importance of the 
process in ameliorating the supply of riverborne nitrate to the coastal 
environment, but the indications are that the process could be quantitatively 
important.  Thus, the current estimates of the quantities of nitrogen entering 
coastal waters could be seriously in error by not considering possible estuarine 
and coastal recycling (removal) processes.  The riverborne route of nitrogen 
inputs, however, is not the only source of nitrogen to the marine system.  A 
recent finding, for example, has shown that atmospheric inputs of nitrogen to 
the North Sea are comparable to the total riverine inputs.  However, the relative 
sources of the atmospheric inputs are unknown. 
 
It is evident from this short overview that the possible links between 
eutrophication and agriculture are not clear-cut.  Also, there are virtually no 
robust or consistent data that show unequivocal increases in the biomass of 
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algae or frequency of blooms.  However, given the obvious potential for the 
stimulation of eutrophication by nutrients derived from agriculture, the subject 
is of major concern.  However, studies to date have been carried out in isolation 
and without a clear focus. 
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AGRICULTURE, AIR POLLUTION AND SUSTAINABILITY. 
 
Alan Davison 
 
Introduction 
 
Air pollution arising from energy generation, transport, industry and agriculture 
affects crops, forestry, amenity vegetation and biodiversity (UK TERG, 1988) 
so it is very appropriate to consider the role of air quality in relation to 
sustainability.  In the past, the agricultural community has largely ignored the 
effects of air pollution and it is interesting that the Agriculture Chapter of the 
UK Strategy Document makes no mention of this subject. However, the position 
is changing because of better knowledge of rural air quality in Britain and its 
impact on agriculture, and because agriculture itself is recognised as a major 
source of gaseous pollutants. Therefore, this discussion paper supplements the 
information given in the Strategy Document and draws attention to what the 
author sees as omissions or under-emphasis in that Document. 
 
The Pollutants 
 
Air pollution produced by energy generation, transport and industry may: i) 
reduce crop yields directly, therefore decreasing efficiency of production; ii) 
affect yields indirectly (e.g. by altering plant-pest relations); iii) increase the 
need for inputs (e.g. liming to counteract acidity); iv) contribute to climate 
change (e.g. CO2 emissions); v) increase the cost of materials due to 
deterioration; and vi) affect human health. 
 
Conversely, agriculture generates air pollutants that may: i) change biodiversity 
and sustainability of natural and semi-natural habitats, therefore subverting the 
aims of conservation; ii) change the incidence of pests and diseases (e.g. by 
increasing nitrogen in plant tissues); iii) increase the need for management to 
counteract these effects; and iv) contribute to climate change (e.g. N2O, 
methane emissions).  
 
Air quality varies regionally but there are very few parts of the UK that are not 
subjected to some form of air pollution at levels that reduce yield or increase 
inputs. This includes regions like the Lake District, Scotland and south-west 
England that are often perceived as being pristine. 
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Urban Pollutants that Affect Agriculture 
 
Sulphur dioxide 
 
In the past, the most important pollutant from an agricultural viewpoint was 
sulphur dioxide.  It caused significant losses of grass and cereal production and 
limited the growth of some tree species. SO2 is no longer considered to be a 
significant problem in terms of crop production. 
 
Deposited sulphur increases soil acidity and therefore the lime requirement but 
sulphur emissions have fallen dramatically in the last 20 years so this problem is 
receding.  However, sulphur deposited to the soil contributes to plant nutrition.  
The reduction in sulphur emissions, coupled with the fact that fertilizers no 
longer contain sulphur as a contaminant, is already resulting in the need for 
addition of sulphur to certain crops in areas where available sulphur is low.  
 
Nitrogen oxides 
 
NO and NO2 (=NOx) are produced from the combustion of fossil fuels.  Power 
stations and road transport produce (1991 data) about 26 and 51% of the total 
emissions respectively.  In the last decade emissions have risen from about 2.3 
to 2.7 million tonnes.  About 25% of the emissions are deposited on UK land 
surfaces.  
 
At current ambient concentrations the gas NO2 has little direct effect on plants 
or agriculture but it contributes to soil acidification and it can act as a fertilizer. 
The contribution of NOx to soil acidification has risen in the last 20 years and it 
is as important as sulphur as a source of acidity. Deposition rates are difficult to 
estimate but the recent Department of the Environment Review Group Report 
(INDITE, 1994) indicates rates from <10 to well over 30 kg ha y-1.  The rate of 
deposition depends on topography, rainfall and wind speed. Edges of woodland 
and hedges have the highest rate of deposition, much higher than to short grass 
pasture.  Deposition to hedges in parts of England might reach 70-80 kg ha y-1. 
The effects of deposited nitrate will be considered later with ammonia.  
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Ozone 
 
This pollutant is produced from reactions between nitrogen oxides, VOCs 
(volatile organic carbons) and sunlight.  Concentrations are highest in sunny 
areas that lie tens of kilometres downwind of sources of the primary chemicals, 
but elevated concentrations pervade most parts of England and Wales, including 
the remote hills.  Unlike SO2, it reaches its highest concentrations in rural areas 
(UK PORG, 1994).  Concentrations have risen with the increase in road 
transport and have been particularly high in the recent sunny summers. 
 
Ozone is potentially toxic to humans and crops and it attacks materials such as 
elastomers and pigments.  It may also interact with other allergens and 
contribute to asthma.  The farming community is exposed to some of the highest 
concentrations but the effects on the health of rural populations have not been 
studied.  The World Health Organisation guideline of a 1 hour mean of 76-100 
ppb (parts per US billion volume mixing ratio) is exceeded every year in 
England on many occasions.  An EC Directive stipulates that information must 
be provided to the public when the 1 h average exceeds 90 ppb.  Air quality 
bulletins are issued daily via the DOE. 
 
Concentrations of ozone in rural UK regularly exceed those known to reduce 
crop yield.  A recent study (UK PORG, 1994) showed that the greatest 
exceedance of the UN-ECE Critical Level for protection of crops (1987-1990 
data), was in the region south of a line from the Thames estuary to mid-Wales.  
At present it is not possible to place a monetary value on crop loss or tree 
damage due to ozone.  Effects on semi-natural vegetation are largely unknown 
but it has been shown that ozone concentrations in the 1980s were sufficiently 
high to result in the evolution of resistant populations of some plants so there 
may be some very subtle effects on plant populations (Reiling and Davison, 
1992). 
 
Ozone produces hidden costs because it attacks elastomers (e.g. rubber) causing 
cracking and cellulose in textiles, causing fading.  Paint and pigments are also 
attacked.  In museums the limit for ozone is <15 ppb.  Because of these effects, 
anti-ozonants are added to elastomers such as materials for tyres and the 
estimated UK costs for antiozonants in rubber is > £20 million.  Farm materials 
such as tractor tyres carry a hidden cost. 
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Abatement of nitrogen oxides and ozone have to be considered together, as the 
UK Strategy Document makes clear (Chapter 7).  The UK is committed to the 
critical loads-critical levels approach to pollution abatement (Bull, 1991; 
Davison & Barnes, 1992) which gives a rational basis for the development of 
abatement strategy.  However, in Chapter 7 it is clear that the strategy for 
control of vehicular emissions relies almost entirely on the use of catalytic 
converters and increased fuel taxes. Predictions based on this suggest that NOx 
emissions will decrease by between 22 and 36% until 2010 then increase due to 
the rise in the number of vehicles.  This strategy is naive.  The USA has led 
efforts to reduce air pollution from vehicles and in no case has it been possible 
to reduce NOx or ozone by means of catalytic converters.  Based on experience 
in the USA the prospect is that vehicular emissions will continue have an impact 
on agriculture and the agricultural community for the foreseeable future. 
 
CO2 and climate change 
 
There is a great deal of work underway on the effects of elevated CO2 and 
climate change.  There are many contentious issues and at present predictions 
are based on models that lack the necessary spatial resolution.  However, there 
is no doubt that the CO2 concentration is rising and that alone will have effects 
on crops and trees.  Even the most conservative estimates of climate change 
during the next 50 years would have far-reaching effects on agriculture.  In 
addition, it has been argued that as the climate changes there will be an increase 
in the frequency of extreme events (strong winds, late frosts, floods etc.) that 
will also have dramatic effects on agriculture.  The UK is committed to a policy 
of holding CO2 emissions at 1990 levels but there is no evidence of a cogent 
strategy that will achieve this.  Where are the policies that will reduce the use of 
fossil fuels on the scale that is required?  If predictions of climate change are 
anywhere near correct, the impact on agriculture will be much greater than any 
other source. 
 
Stratospheric ozone and UV 
 
Continued depletion of the stratospheric ozone layer will increase UV at ground 
level.  Most concern is centred on the fact that this is predicted to increase the 
incidence of skin cancer and cataracts.  Many agricultural employees are 
exposed to the sun for long periods so they be a group at greater risk.  It is also 
becoming clear that the predicted increases in UV may have effects on crop 
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production but it is too early to quantify it.  The protocols for withdrawal of 
CFCs have taken effect and alternatives are being phased in.  However, due to 
the lag time UV will continue to increase and there is a possibility of effects on 
crops for several decades.  
 
Agriculture: A Producer of Air Pollution 
 
In the past, the main sources of complaint against agriculture have been related 
to pesticides and herbicides, odours, allergic sensitivity, and stubble burning.  
However, it is now clear that agriculture is an important source of air pollutants. 
The main concerns are ammonia, nitrous oxide and methane but only ammonia 
will be considered here.  
 
Ammonia 
 
Agriculture is the main source of the 400,000 tonnes of ammonia emitted in the 
UK per year, most coming from cattle, pig and poultry production. Deposited 
ammonia contributes to soil acidification but the UK Strategy Document does 
not make it clear that ammonia is now the dominant source of acidity in large 
areas of England (INDITE, 1994). 
 
Furthermore, deposited ammonia may also act as a fertiliser.  The latest DOE 
report (INDITE, 1994) concludes that woodland in the borders of Wales and in 
East Anglia receive the largest inputs, up to 70 kg ha-1 y-1 as NH4. It is 
unlikely that deposited nitrogen (nitrate + ammonium) has any beneficial effect 
on crops because the rates are too low and deposition is spread throughout the 
year, not at times when it is most in demand by the plant. However, INDITE 
(1994) suggests that the most important effect of deposited nitrogen is in 
changing the nitrogen status of natural and semi-natural plant communities, 
changing herbivore populations and threatening the biodiversity of important 
nature reserves and environmentally sensitive areas. This is in direct 
contravention to the opening statement on a sustainable framework for 
agriculture in Chapter 15 of the UK Strategy Document.  
 
Whilst ammonia is included in the critical levels and loads framework, and there 
is research on methods for decreasing ammonia emissions, the UK Strategy 
Document does not give ammonia sufficient prominence, particularly its role in 
acidification. More important, although there is stated policy to reduce 
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pollution, the Document does not present a strategy for reduction of ammonia 
emissions. All that is given is a vague statement that "policies are aimed at 
integrating environmental considerations into CAP and agricultural policies in 
general". 
 
Summary of Comments on the UK Strategy for Sustainable Development 
 
1) Agriculture is affected by air pollution but it is also a major source of 
air pollution.   
 
2) Reduction in sulphur emissions has led to a decrease in direct effects 
on crops and reduced acidification.  However, the reduced input of this element, 
which is an important nutrient, is leading to he need for increased use of 
sulphur-containing fertilizers. 
 
3) Nitrogen oxides and ozone are the two most serious gaseous pollutants.  
Although the UK is committed to a policy of reduction, the strategy for control 
of vehicular emissions relies on the use of catalytic converters and modest 
increase in fuel tax.  This has not led to reduction in any other country so the 
prospect is that vehicular emissions will have an impact on agriculture and the 
agricultural community for the foreseeable future. 
 
4) Agriculture is the main source of ammonia emitted in the UK.  The UK 
Strategy Document does not make it clear that ammonia is now the dominant 
source of acidity in large areas of England and a threat to biodiversity.  
Although the policy is to reduce pollution, the Document does not present a 
strategy for reduction of ammonia emissions.  
 
5) Global climate change is a contentious issue but even if predictions are 
under-estimated, the consequences for agriculture will be so profound as to 
make sustainability a meaningless concept.  There do not seem to be any 
policies being implemented that will lead to stabilisation of carbon emissions 
within the time-scale that is required. 
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PREDICTING ENVIRONMENTAL IMPACTS RELATED TO LAND 
AND WATER USE 
 
Jim O'Callaghan 
 
Introduction 
 
A spatial and temporal understanding of the relationships between different land 
uses is one approach towards striking a balance between economic development 
and environmental conservation.  It was argued in the Bruntland Report that 
economic growth and environmental conservation were not simple opposites 
and that forms of economic development could be chosen which would sustain 
the environmental capacities and relationships needed for future generations.  
Translating those expectations into operational realities requires broad 
agreement about how the many processes involved in land use impact on each 
other and on the environment.  There is support for the need to replace a 
fragmented sectoral approach to land use by one which leads to better 
integration of the management of land, air and water, and which at the same 
time provides reliable information flows for planning new land use and for 
monitoring how all land uses conform with performance indicators. 
 
This paper outlines how that need is being addressed through the NERC/ESRC 
Land Use Programme (NELUP) whose objective is"..... to investigate 
techniques for producing a Decision Support System for land use planning 
comprising the socio-economic mechanisms of land allocation constrained by 
our scientific understanding of the physical and ecological environments." 
 
A Systems Framework 
 
The diversity of interest and range of disciplines involved in land use point to 
the need for a general systems framework of the kind shown in Fig 1.   The 
framework should assist in tying the relevant disciplines together in meaningful 
relationships which would facilitate communication between them and help to 
transfer the results of research not only across disciplinary boundaries but also 
to entrepreneurs, policy makers and other agents of change. 
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Fig 1. The Systems Framework 
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Information about land use may be handled in a hierarchy of levels of 
increasing complexity from a description of geology and soils at one level to the 
development of policies at the other.  Most of the information is empirical and 
while it is impossible to capture all the complexity of land use, there are levels 
of abstraction which are recognisable as important and distinctive.  The obvious 
way of structuring the data is within a spatial grid.  However, land use is also an 
evolutionary process where the present potential and limitations on use are 
conditioned by developments in the past.  Some data will need to be examined 
in a chronological structure. 
 
The first level is that of description, much of which deals with the geography of 
an area, but there is also a vast amount of survey data on land use, wildlife 
resources, archaeological sites etc.  The second level contains a systematic 
analysis of some of the data in physical input-output models based on scientific 
relationships of the kind which link rainfall, run-off and river discharge.  Such 
models may be used at the next level in a feed-back control system, for 
example, to regulate the discharge of a river.   
 
The fourth level is that of the open-system in which living organisms live in 
dynamic equilibrium with their environment.  It is mainly at this level that the 
long term impacts of human activity, such as pollution, intensive management 
or climate change, interact with the environment.  The fifth level is that of 
human behaviour, both individual and group, of which economic activity is an 
important component.  The final level is that of social organisations at which 
groups of individuals act and express their aspirations. 
 
NELUP embraces all six levels of the hierarchy.  There is a large data 
compilation exercise (1), biophysical (2-4) and economic (5) modelling leading 
to a Decision Support System with the objective of presenting information from 
levels (1-5) in forms accessible and useful to social organisations (6). 
 
The NELUP Simulation Models 
 
Realisation of the general objective of NELUP depends on an understanding of 
how the processes of land use function at a regional scale; both the way in 
which land is allocated between different activities and the likely impact of 
those activities on the environment, particularly the external costs which 
activities impose on society through degraded water supplies and impaired 
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ecological habitats.  The connections between land use, water and ecology were 
chosen as the important linkages in a model of land use which would be 
explored spatially as well as quantitatively.  Because of the importance of 
hydrology, a river catchment was chosen as the most suitable entity for study. 
 
Three quantitative models have been developed to describe the interlinked 
processes between a land use decision and its impacts on the environment: 
 
(i) A Regional Agricultural Economic Model of Land Use (Fig 2) brings 
together land use and land productivity and predicts the response of agricultural 
land use to changing markets and policy conditions.  It has been used to 
investigate the impacts of CAP reform on agriculture in the Tyne catchment, the 
nature of nitrate emission patterns and the economic and ecological implications 
of an ESA management agreement. 
 
(ii) Hydrological modelling is built around two simulation codes SHETRAN 
and ARNO.  Both models have been validated for 5-year flow simulations on 
the Tyne.  SHETRAN is shown diagrammatically in Fig 3.  It is a physically-
based, spatially distributed modelling system suitable for examining in detail 
both fluxes and storage at a particular site.  It calculates canopy interception, 
evapotranspiration as well as overland and sub-surface flows in both the 
unsaturated and saturated zones.  A solute transport modelling component is 
also available in SHETRAN which has been used to simulate nitrate movement 
in the catchment. 
 
(iii) A matrix model for assessing some of the ecological consequences of 
land use change is shown in Fig 4.  It predicts the likelihood of occurrence of 
individual species or species-assemblages in km squares.  A within-cover 
change model for plant communities based on environmental and management 
variables is available to make predictions of plant community and species 
composition in response to deintensification of agricultural practices.  A GIS 
based model of the potential habitat distribution of birds in the landscape and 
their likely response to changes in land use is also available.  All three models 
have been used to predict the effects of changes in land use. 
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Fig 2. The Economics Model 
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Fig 3. The Hydrological Model 
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Fig 4. The Ecological Model 
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Predicting the Impacts of Land Use and Land Use Change 
 
All the models in NELUP have been checked against field data and may be used 
with confidence to predict the likely outcome of a range of land uses.  The 
models are based on good science and simulate the principal economic and 
biophysical processes involved in crop growth, water and nutrient transport, and 
the probable distributions of the more common plants and animals in the 
landscape.  One of the main applications of NELUP is to test land use policies 
for operational feasibility in terms of economic return to the user and of 
environmental impacts.  A NELUP analysis would have predicted the nitrate 
problem on the grounds of mass-balance alone and would have counselled 
caution on the use of headage payments for sheep in the uplands. 
 
Sustainability is a flawed policy concept.  A good policy helps to locate an 
optimum operating point, which explains the wide appeal of such simple 
managerial objectives as maximisation of output/profit or minimisation of 
cost/rejects.  Sustainability is really about constraints on the production process, 
which may be aimed at maintaining diversity or reducing losses from it.  The 
NELUP system may still be used to analyse the consequences provided the 
constraints are quantified. 
 
Ideas of sustainability in agriculture may be focused on two general areas: 
 
(i) The maintenance of a stock of natural resources which are closely linked 
with the conservation of biodiversity.  The most important of these resources 
are already protected by International Conventions and National Legislation and 
are the concern of Statutory Agencies.  The important research questions in 
relation to the protected stock are those pertaining to the management and 
stability of the protected area network. 
 
(ii) The unprotected areas are predominantly in private ownership and need 
to innovate in order to meet the twin goals of economic and environmental 
sustainability.  Innovation is most likely to thrive when producers respond to 
market forces with new activities.  However, the impacts of those new activities 
should be benign or at least neutral in their impacts on the environment and the 
protected areas.  The pollution issues which have caused most of the 
environmental loss and damage are symptoms of mismanagement of inputs and 
could be dealt with through the 'polluter pays' approach to environmental 
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damage.  Tightening the constraints on agricultural production processes in 
order to reduce leakages out of farming into the environment requires a more 
sophisticated approach to the management of technology than is current 
practice.  However unpopular tighter controls on the discharge of pollution from 
agriculture may be, they could have positive side-effects in stimulating new 
approaches to husbandry, soil management and clean farming.  Better anything 
than stagnation of agriculture by regulation. 
 59
ACCOUNTING FOR AGRICULTURE'S IMPACT ON NATURAL 
CAPITAL 
 
Martin Whitby 
 
Introduction 
 
Economics offers some precision in defining sustainability.  A weak definition 
would require that the total stock of capital (both man-made and natural) in a 
sector should not decline over time.  A stronger definition would demand no 
loss of "critical natural capital".   
 
On the weak sustainability  criterion agriculture appears to fail in that not only 
does its annual depreciation bill exceed the value of its annual capital formation, 
but there are important recorded losses in critical natural capital each year too.  
However, in terms of man-made capital, it could be argued that the planned rate 
of growth of output is decreasing over time and the rate of efficiency in the use 
of capital is improving.  Both of these factors would reduce the industry's 
annual demand for investment and the level needed to attain sustainability.   
 
Figure 1  Agricultural Gross Capital Formation and Depreciation:   
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Source:  MAFF 1993 
 
The strongest sustainability  requires that the aggregate of the stock of natural 
capital be maintained after allowing for changes in the rate of output and in 
efficiency in the use of capital, over time.  This rule would give an indicator of 
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sustainability for the UK agriculture and land use sectors based on the changes 
in natural capital stock.  This stock is more difficult to measure, but three 
indicative elements (taken from Whitby and Adger, 1994) are documented 
below.   
 
Estimating Losses of Natural Capital 
 
Soil erosion may result in loss of soil productivity and the eroded material 
deposited may have to be cleared at some cost.  Wind eroded soil may also 
reduce crop germination if it is deposited on newly planted land.  Erosion is not 
a widely recognised phenomenon in the UK but is problematic in particular 
locations.  One such location is the peatlands of Cambridgeshire (Evans, 1981). 
 
The value of these losses is currently £2.3m annually, in terms of lost 
productivity, but ignoring clean-up and other off-farm costs.  There is also water 
erosion, which Evans (1993) suggests is causing rilling on up to 14% of the 
arable area in some counties.  Translation of this into lost productivity has not 
been possible so far.   
 
Productivity loss from soil erosion constitutes the lower bound of the loss of 
natural capital from soil but this is not necessarily critical natural capital as 
nutrients may be replaced from other sources.  Although the social external 
costs may be high, the private decision to invest in soil conservation is only 
justified on marginal sites.  An empirical study of these private costs of 
conservation, through introducing grass into arable rotations and changing to 
spring sown crops (Frost et al., 1990) finds that in general the costs of effective 
soil conservation measures greatly exceed the private benefits to farmers.   
 
The inclusion of off-farm costs and all other (non-peat) erosion in these 
calculations indicates that the £2.3m annual cost of soil erosion reported above 
might reasonably be increased by several orders of magnitude. 
 
Meanwhile there are continuous annual losses of soil biomass under the impact 
of intensive cultivation practices and land use conversions, "natural" and semi-
natural forms of cover, such as rough grazings.  These losses of biomass 
contribute to the global accumulation of greenhouse gases (GHGs) and add to 
the continuing problem of global warming.  Furthermore, some of the crops 
grown, which sequester carbon from the atmosphere, are then fed to livestock 
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which excrete part of it as methane which further adds to GHGs.  The combined 
impact of these effects is to add some 10m tonnes of carbon to the global load 
whilst sequestration reduces it by about half that amount.  The annual value of 
net emissions, measured in terms of future costs of global warming amounts to 
some £40m. 
 
A third form of natural capital is in the stocks of wildlife, which are being 
damaged at a recorded rate in SSSIs under various forms of development 
pressure.  The annual value of these losses varies from year to year.  Some are 
of short or medium duration while others are permanent.  The present value of 
these losses was computed (using some travel cost estimates of the value of 
three SSSI sites (Willis and Benson 1988)).  The annual estimates of loss varied 
from £13.3m to £35.3m over the period 1988/9 to 1991/2 depending on the 
duration and extent of damage.  These are certainly under-estimates of the 
relevant value because they omit "non-user" benefits. 
 
The aggregate values of all three forms of environmental damage are 
summarised in Table 1. 
 
Evaluation of Present Estimates 
 
The above estimates indicate a range of loss of agricultural natural capital 
between £50 and £80 million per annum.  This estimate could conservatively be 
multiplied several fold to bring other factors, such as the impact of agricultural 
pollution on water quality, into the calculation.  This would suggest a top of the 
range loss of natural capital of a few hundred million pounds which compares 
with the £1 billion annual gross fixed capital formation in the sector and its £1.7 
billion depreciation bill (see Figure 1). 
 
However, a fuller examination of the environmental impact of agriculture and 
forestry would not be constrained to the capital account but would also focus on 
some current items of expenditure and benefit.  From previous calculations this 
would indicate adding £200-300m to costs to account for defensive expenditure, 
which might be seen as part of the cost of maintenance of natural capital (Adger 
and Whitby, 1993). 
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Table 1  Estimated Value of Land-based Natural Capital Degradation:  
UK (1992 prices) 
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The limitation of these estimates is that they do not cover enough of the relevant 
issues to be securely based.  Nevertheless, they do serve to show that it is 
possible in principle to measure the sustainability of agriculture and that this 
would provide a basis for policies aimed at sustainability.  The main conclusion 
from this work must be that further precision and extension of the scope of such 
research is needed if there is to be a serious attempt to prioritise resource 
demanding policies in favour of sustainability.  Given the limited budgets 
available, such good housekeeping is imperative if the primary land use systems 
are to be sustainable by any criterion.  Until such work has been done, 
expressed concerns about sustainability will fail to convince. 
 
The Government's Strategy for Sustainability 
 
The Chapter devoted to agriculture sets out a sustainable framework in terms of 
minimising the consumption of non-renewable resources but fails to mention 
that there is a rate of consumption beyond which further use of renewable 
resources may not be made in a sustainable system.  It then proceeds to offer the 
conventional defence of the CAP (the increase in self-sufficiency in food 
production, broad land use, the level of direct employment and implied but 
unquantified indirect employment as well as agriculture's role in providing as a 
backdrop for the rural tourist industry) - arguments only remotely connected 
with sustainability.  The Chapter does then acknowledge some of the 
environmental problems following from agricultural intensification but protests 
that the UK Government "has consistently worked for lower CAP support 
prices"  - thus eliding the major increases in farm gate prices brought about by 
successive devaluations of the Green pound during the 1980s.  This is followed 
by a presentation of the Agri-Environmental Reforms of the CAP in 1992 and 
various other measures which the Government funds in whole or in part.  It does 
not produce firm forecasts of the impact of the 1992 reforms which are, as yet, 
incompletely implemented.   
 
The Government's commitment to voluntarism is implicitly underlined at 
various points in the document and leaves room for doubt as to the long term 
effectiveness of these measures.  By clinging to voluntarism, as applied in most 
of its grant-based arrangements, the Government avoids confronting difficult 
questions regarding the continuity of its policies if prices turn against 
environmental incentives.  A small departure from that position, which might 
lead in the direction of actually changing property rights in land, is the attempt 
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to attach access agreements to many of the other instruments in use, for example 
in ESAs.  Such agreements are likely to be of little interest to landowners 
because, once they have been negotiated and run for a number of years, it is 
unlikely that it will be easy to deny access even if the agreement were to be 
discontinued.  By such a sequence, changes in property rights will ultimately 
follow from environmental policy; but in general that will not result from Agri-
Environmental policy instruments and the threat of further degradation is 
therefore open to changes in market forces.   
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RESPONSE TO PAPERS ON ENVIRONMENTAL IMPACTS 
 
Keith Buchanan 
 
Five papers on environmental impact have been presented.  We can infer 6 
significant general points from these papers:  i) it would be possible, with more 
work, to make a judgement as to whether agriculture in the round was 
sustainable or not;  ii) the indications are that at least some agricultural activities 
are not sustainable;  iii) the systems are invariably complex and interactive;  iv) 
more research is needed;  v) techniques are being developed to allow us to 
predict the environmental impact of policies if we can evolve tighter working 
definitions of sustainability;  and vi) active intervention will be necessary to 
achieve sustainability - the market will not deliver it. 
 
The agriculture chapter of the sustainable development strategy contains 
information on many activities and schemes.  In relation to overall 
sustainability, a number of substantial questions are not answered:  i) what are 
the objectives and can they be quantified and monitored?;  ii) what are the 
interactions among the activities described?  We recognise some of these (e.g. 
set-aside) inhibiting the uptake of environmental schemes, but not all;  iii) what 
is the likely overall net effect?; and iv) will the net effect deliver the objectives?  
If these questions can be answered, the science suggests that it is technically 
possible to deliver sustainable agriculture. 
 
There has been debate about the degree to which it is desirable or possible to 
define sustainable agriculture.  It is argued that it is a process and not an end 
state.  This is a useful insight into the concept, but for those attempting to 
manage the system it is not sufficient to stop there.  Without definition 
(however arbitrary), it is not possible to set objectives and then monitor 
achievements against them.  It is not possible to clarify trends: not possible to 
determine if the situation is improving or deteriorating.  Personally, I think in 
terms of a sustainable environment.  Agriculture is a process which may, or may 
not, contribute to a sustainable environment.  A sustainable environment will 
contain a number of elements, for each of which we will need to define an 
objective.  In the countryside, biodiversity, landscapes of regional character, 
conservation of archaeological remains and viable rural communities might all 
be relevant elements.  An example of an objective might be, in the field of 
biodiversity, to conserve viable populations of all known native species in the 
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UK.  We might then consider 'sustainable agriculture' as that which contributes 
to a sustainable environment. 
 
If we are ever to 'operationalise' sustainability we must start to make progress 
on defining practical and clear objectives.  Without such progress the word will 
fall into disrepute, and become a smokescreen for those who want to avoid clear 
commitments to action.  As an organisation which is eager to progress thinking 
by experimentation and pilots such as 'Countryside Stewardship', we at the 
Countryside Commission are keen to help develop, and perhaps test, these 
evolving ideas. 
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ALTERNATIVE FARMING SYSTEMS 
 
Phil Cain and Steve Wilcockson 
 
Agriculture's Contribution to the Prescription and Analysis of Sustainable 
Agricultural Systems 
  
Agriculture - the science and practice of crop and livestock production for food, 
fibre and energy - has a fundamental contribution to make to the prescription 
and subsequent analysis of sustainability.  In the context of production systems, 
the prescription of sustainable agriculture has been formulated as follows: to 
produce adequate amounts of quality food; to reduce use of non-renewable off-
farm inputs (e.g. agrochemicals, synthetic fertilisers, fuel oil); to minimise 
pollution of soil, water and air and disruption to the environment; to maintain 
species and landscape diversity; to observe human health, safety and animal 
welfare requirements; and to sustain income over the long-term. 
 
To achieve this, alternative farming systems may be devised for particular farm 
types and regions.  These are more sustainable than conventional systems which 
aim to optimise output and hence financial returns with little regard for their 
potential adverse side-effects and long-term durability.  Integrated management 
is a key feature: natural regulatory mechanisms and inputs generated from 
within are exploited to their fullest extent.  In arable and mixed systems, the 
combination of rotations, varietal diversity, animal manures, crop residues and 
particular management practices reduces reliance on synthetic pesticides and 
fertilisers.  Inputs are applied more precisely according to needs determined by 
detailed observations and prediction schemes rather than being used routinely.  
Thus, the risk of pollution and damage to non-target flora and fauna is 
decreased.  The indirect energy input is reduced and direct energy requirements 
may also be lowered by using minimal cultivation techniques. 
 
Alternative, integrated farming systems are therefore lower-input aiming for 
substantial reductions in external resource use and positive environmental 
benefits while maintaining income.  However, they demand a greater level of 
management skills than conventional, intensive systems to ensure success and 
hence may be considered higher risk options.  They include the well-defined 
organic systems and other "lower-input sustainable systems" intermediate 
between conventional and organic.  
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Currently, alternative systems and their components are being assessed and 
promoted throughout the world, but particularly in Europe.  Some examples of 
relevant UK research programmes are shown in Table 1.  These are designed to 
evaluate the biological, physical and financial performance of alternative 
farming systems - often in comparison with conventional or standard farm 
practice - and ultimately, over the long-term, to quantify their sustainability. 
 
The Agriculture Strategy Statement 
 
The statement provides a clear, concise picture of agriculture's recent past and 
emphasises the central role of sustainability in ensuring a prosperous future.  
This can best be achieved by the adoption of alternative systems which directly 
address the problems created by increasing intensification over the last 50 years.  
In many situations, a radically different approach to production will be needed 
and difficulties will be experienced during transition.  Thus, the EC and 
Government's commitment to sustainable agriculture must be directed primarily 
to the producers responsible for the management of 75% of UK land area.  The 
Strategy's success depends entirely upon convincing and encouraging them to 
adopt a more sustainable approach by providing the necessary technical and 
financial support via specific and progressive policy measures. 
 
CAP reforms dealing with arable and livestock production have removed some 
of the stimulus for intensification, reduced output to an extent and have affected 
producers throughout the whole of the UK.  However, their contribution to 
sustainability and environmental benefits has so far been limited.  On the other 
hand, the main national schemes with a direct environmental impact (e.g. ESAs, 
NSAs) are more oriented towards sustainability by influencing production 
methods in a more integrated, systems approach.  However, they have a regional 
influence and affect a fraction of producers.  The development of similar 
schemes with nation-wide application could help to better match economic, 
agronomic and environmental sustainability and achieve a more equitable 
balance of support between environmental benefits and production. 
 
Progressing the Policy and Research Issues 
 
Long-term multidisciplinary research on alternative integrated systems 
underlies the achievement of a sustainable agriculture and MAFF's Research 
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Table 1 - UK Projects on Alternative Farming Systems 
 
a) Organic 
 Elm Farm Research Centre - R & D on Organic Farming  
       Systems 
 
 Henry Doubleday Research - R & D on Organic Horticulture 
 Association     
 
 Sustainable Farming Systems - R & D on grass/animal and 
 (Scotland)     arable/vegetable systems 
 
 Institute of Grassland and  - grass/arable systems and milk 
 Environmental Research   production 
 (Wales) 
 
 
b) Non-organic, lower-input 
 
 LIFE - Low input farming  - integrated systems for arable  
       cropping and the environment 
 
 TALISMAN - Towards a  - integrated arable systems 
 lower input system minimising 
 agrochemicals and nitrogen 
 
 LINK PROGRAMME   - integrated farming systems 
  - Technologies for Sustainable  (arable) 
 Farming Systems 
 
 LEAF - Linking Environment    - demonstration of integrated 
 and farming    crop management 
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Mission Statement emphasises its importance.  Projects are already in progress, 
but still in the early stages and mainly devoted to arable systems.  More 
attention needs to be given to the integration of livestock enterprises.  Over the 
medium and long-term, as knowledge is accumulated, the systems will be 
refined by incorporating new and emerging technologies (e.g. satellite-aided 
farming, genetically modified organisms, biological control) and decision-
making techniques (e.g. accurate pest and disease diagnosis, expert-systems) 
which will further enhance sustainability.  However, a major priority is an 
assessment of the financial and economic effects of lower-input, integrated 
farming systems, for these will influence the extent of their uptake and shape 
future policy measures. 
 
A recent analysis by the authors (Cain et al., 1992) indicates an inverse 
relationship between physical and financial sustainability.  Farming systems 
(farm types) which are the most physically sustainable are the least 
economically sustainable, in terms of profit per hectare (Figure 1) and are not 
viable in their own right.  A potential solution to this conflict is the development 
of a national policy incorporating voluntary Whole Farm Management 
Agreements which prescribe sustainable production systems and attract direct 
area payments (Cain et al., 1994; Soil Association, 1994).  The ESA scheme or 
Organic Production Standards would provide useful models.  Specific 
agreements could be designed for each farm type/region, ranging from lowland 
arable to upland livestock, each with a number of tiers according to the degree 
of sustainability.  This approach would give the opportunity to offer differential 
support according to the inherent difficulty or environmental sensitivity of the 
farming situation and sustainability of the system adopted. 
 
Such a scheme would encourage environmentally friendly farming systems and 
help control output by moderating the type and level of inputs used.  More of 
the emphasis for support could be balanced in favour of environmental 
protection than for production. 
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Figure 1 Relationships between Farm Type, Husbandry Systems and 
 
(a) Physical Sustainability 
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(b) Economic Sustainability - measured in £ per ha profitability1 
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1 Profit calculated using 1990 unsupported world product prices and rounded 
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SUSTAINABLE AGRICULTURE, TRADE AND THE 
ENVIRONMENT 
 
David Harvey 
 
How does agricultural policy and its associated trade policy consequences 
affect the environment and thus the concept of sustainable agriculture? 
 
A Conceptual Framework 
 
Traill (1988) presents an economic perspective on the trade-offs and possible 
conflicts between various elements of the rural environment by concentrating on 
the issue of the intensity of land use (Figure 1).   
 
Figure 1 Value of Land Using Activity as Intensity of Production Increases. 
Value 
(£/ha.)
0
Intensity of
Production
Value of BIOMASS 
(net of costs)
B
Value of LANDSCAPE
Cost of ENVIRONMENTAL 
POLLUTION, RESOURCE 
DEPLETION & GHC 
PRODUCTION
Value of DIVERSE 
WILDLIFE
Value of RURAL 
EMPLOYMENT
C
+ive
-ive
TOTAL SOCIAL 
VALUE OF LAND
 
Source:  modified after Traill, 1988. 
 
In this figure, intensity is measured as quantity of non-labour inputs per hectare.  
The net value of marketable goods from the land base (food, wood, fibre etc.) 
reaches a peak at point B - the typical private profit maximising level of 
intensity.  The other curves represent hypothetical relationships between 
intensity and other intangible aspects of the rural environment, which have been 
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christened CARE (Conservation, Amenity, and Rural Environment) goods 
(McInerney, 1986).  In each case these ‘stylised’ relationships between the 
value of land (as a collection of environmental goods) and the intensity of use 
represent a combination of two vitally important components:  a) the technical 
or physical relationships between intensity of use and the quality and quantity 
of environmental assets - wildlife, landscape appearance, environmental 
degradation and pollution;  b) the social valuations placed on these assets. 
 
Given that: i) we can identify these physical relationships for given rural areas;  
ii) we can value the environmental assets appropriately, then it is possible to 
think of some socially optimal intensity of production such as point C.  
Currently, however, we are more likely to be at a point like B.  Outside ESAs, 
SSSIs, NSAs, and Stewardship schemes, and with the exception of specific 
pollution controls and regulations,  the social value of wildlife and 
environmental assets is seldom reflected back to farmers and land users in the 
form of incentives or penalties for particular land use practices, thus the major 
relationship determining land use is the biomass net profit function.  
Furthermore, notwithstanding the 1992 reforms, the Common Agricultural 
Policy still supports market prices and producer returns to biomass production, 
which artificially inflates the biomass net profit curve, tending to shift the actual 
intensity of use of land substantially to the right of point C (that is, has shifted 
point B to the right of where it would be in absence of support and 
intervention). Thus, the twin focus of sustainable policies from this perspective 
becomes: a) get the price of biomass “right” (without distorting and supporting 
it as under the CAP, which shifts the biomass curve upwards and to the right);  
b) “properly” reflect the public or social values of the CARE goods (including 
pollution) back to the landowners and users.  Only then can we expect land 
users to operate at the socially optimal level of intensity at point C. 
 
Implications1 
 
This framework has several important implications for the design of agricultural 
and environmental policies. 
 
                                                 
1 Useful background to this section can be found in, inter alia, Pezzey, 1989;  Pearce et 
al., 1989 
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1)  Sustainability in this framework is dependent on social valuations of 
environmental assets.  There is no place for any ‘fundamental’ or intrinsic value 
of nature or wildlife that cannot be expressed (however inexactly) in terms of 
people’s willingness to pay.  Sustainability is thus ultimately a social and 
political issue.  The essential basis of this argument is as follows.  Any private 
or public decision to encourage, regulate or compensate for production practices 
in favour of the environment implies some notional valuation of the 
environment, at a minimum that the environmental gain is worth at least the 
foregone production and any additional effort required to produce the 
environmental gain.  Such decisions involve choices about the allocation of 
resources (including effort), and these choices imply relative valuations of the 
outcomes.  Private or public dispute that present allocation decisions are 
‘wrong’ implies a different set of values than those of the present decisions.  
Not only is valuation of environmental assets possible, it is inevitable in any 
decision as to whether to preserve or conserve such assets.  Those who seek to 
achieve the latter cannot avoid the former, however distasteful they may find it.  
The statement that the environment is critical to human survival is a tautology 
with no empirical or policy content.  Since it does not and cannot imply that all 
aspects of the environment, including non-renewable resource stocks, have to be 
preserved at at least present levels, choices have to be made.  The environment 
is, according to this argument, less critical to sustainability of human life and 
development than are individual and collective human behaviours, as 
summarised in the choices we make between options and hence in the 
valuations of options which these choices imply. 
 
2)  The importance of social valuations means that public decisions require 
mechanisms to establish and legitimise these values.  Even presupposing that 
agreement is reached on appropriate physical measures of environmental assets 
and their quality (Parris, 1994), if these mechanisms are less than transparent (as 
is typically the case), the political process is likely to be subject to ‘interest 
group capture’ and political failure.  The capture of agricultural policy by 
‘agricultural fundamentalists’ (as a caricature of the pre-1992 CAP) in their own 
narrow (and also somewhat misconceived) interests could easily be replaced by 
the capture of rural land use and environmental policy, as well as agricultural 
trade policy, by ‘environmental fundamentalists’, with similar anti-social 
consequences.  Both information on revealed social preferences and 
understanding of environmental issues are thus critical for the development of 
sensible and sustainable agricultural, trade and environmental policies.  That is, 
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in terms of Figure 1, the process of defining the social values of the wildlife, 
landscape, pollution and employment aspects of rural land use is critical to the 
definition of the optimal level of intensity (point C). 
 
3)  However, dependence on social valuations is not equivalent to arguing that 
the only way to approach the socially optimal land use pattern (‘C’) is to use the 
market mechanism.  It may be more socially efficient on occasions to make use 
of direct regulations on land use practices, or a judicious combination of both 
approaches.  This will depend on a number of factors, the most important being:  
the certainty about the relationships between intensity and environment;  the 
costs of policing the regulation alternative; the transactions and information 
costs of the market-based and regulation alternatives;  the assignment of 
property rights; the economics, psychology and sociology of collective and co-
operative action versus individualistic and competitive action.  
 
4)  Both the physical/technical relationships between intensity and 
environmental assets and their social valuations are likely to vary substantially 
between localities and regions (as is implicit in the designation of ESAs, NSAs 
etc.).  Hence appropriate price or regulation signals for the development of 
‘sustainable’ agriculture and land use will vary substantially between localities 
and regions, notwithstanding the global nature of some environmental concerns.  
In turn, this variation may well militate against both common European 
payment/penalty systems and against conventional market mechanisms (price 
signals) because of the increased transaction and information costs as opposed 
to regulations or combinations of regulations and price signals.  Subsidiarity, in 
this case, involves a presumption in favour of local decision and action within 
national and international frameworks of property rights and compensation 
mechanisms. 
 
5)  Following this point, attempts to define “level playing fields” in terms of 
common definitions of environmentally friendly practices (either within 
countries or, a fortiori,  between them) is also in violation of the very concept of 
sustainability as advanced here.  The “level playing field” concept does not 
mean that trading nations (or regions) should have identical environmental 
conditions or identical social valuations (and hence opportunity costs) of 
environmental assets, any more than it means that they should have identical 
costs of land, labour or capital.  In fact, it is regional and national differences in 
these resource endowments, capabilities and social valuations which provide the 
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very basis for economic gains from trade.  Without these differences, only 
variations in consumers’ and users’ tastes and preferences would provide any 
scope for gains from trade. 
 
6)  “Getting prices right” is critical for the development of sustainable systems 
of resource allocation.  If farm product prices are over-valued, then this 
framework implies that the system cannot be sustainable (either 
environmentally or socio-economically).  The only viable definition of 
‘appropriate’ value of marketable goods from the land-using sector is the ‘free-
trade’ world price.  Any other price level requires a direct social valuation of 
agricultural output which is different from private market valuations, and, as 
such, requires both that the domestic product be identifiably different from its 
inter-regional or inter-national competitors and that the social valuation of this 
difference is demonstrably not manifest in private market valuations of the 
differentiated products (through, for example, concern over the distributional 
consequences of the free market).  Differences in the environmental conditions 
of their production can and should be identified at the point of sale, on which 
information consumers can be relied upon to take action as they see fit.   
 
7)  Trans-boundary environmental externalities (under which land-using 
activities in one region affect production, consumption, or asset values in 
another) should be accounted for with appropriate trans-boundary property 
rights and not ‘corrected’ through trade intervention (which is too blunt an 
instrument and too vulnerable to abuse within the political process to be 
sustainable). 
 
8)  A final implication of this analysis is that support of farm (or rural) incomes 
over and above those provided by a proper reflection of all social valuations of 
outputs and environmental asset maintenance is unjustified, other than from 
purely distributional and equity arguments, typically and sensibly handled 
through social security and general taxation policies  
 
Conclusions 
 
1)  Under most European conditions, point A (complete abandonment of rural 
land) will not be a socially optimal or sensibly sustainable land use strategy.  
Rather, social optimality depends on getting the product price and CARE good 
signals to land users “right” (either through prices or regulations). 
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2)  Opaque statements of environmental policy ‘aims’ in terms of “adequate 
supply”, “minimise consumption of non-renewable and other resources”, 
“safeguard quality”, and “preserve, and where possible, enhance” are prejudicial 
to the development of genuinely sustainable policies.  Transparent information 
and understanding of choices and their consequences are critical to the 
development of sustainable policies.   
 
3)  Political systems able to:  i) integrate market mechanisms with public 
intervention and regulation;  ii) ensure co-operation between different localities, 
regions and nations;  iii) encourage participation in and deliberation of public 
choices and the underlying private and social valuations;  are necessary pre-
cursors to the development of sustainable policies. 
 
4)  Continued ‘coupling’ of farm support policies to farm resource decisions (as 
is still evident in the conditionality of compensation payments on planting crops 
and grazing livestock) cannot be consistent with sustainable agriculture or land 
use. 
 
5)  Trade policies are inappropriate or second-best mechanisms for achievement 
of environmental and sustainable policy objectives.  The only serious 
justification for their use is as poor substitutes for a proper system of 
environmental regulation, incentives, penalties and property rights at local, 
national and international levels.  
 
6)  Farm (and rural) incomes are properly seen as consequences of rather than 
precursors to the delivery of socially desirable products and asset maintenance.   
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RURAL SUSTAINABILITY 
 
Jonathan Murdoch 
 
While it might seem appropriate to ask how agriculture can be made 
sustainable,  there is a strong case for considering agriculture as part of a more 
general rural economy.  Recent trends towards diversification and policy 
concerns with the non-agricultural aspects of farm businesses accentuate the 
need to see agriculture not in isolation but as part and parcel of wider economic 
and social structures.  If agriculture becomes simply a sustainable part of an 
unsustainable rural economy then the battle will only have been partially won.  
In this paper, therefore, agriculture will be considered in its economic and social 
context.  The links between economic restructuring and social change will be 
considered and some preliminary thoughts on the implications of these recent 
trends for the achievement of sustainability will be presented. 
  
The term 'rural', in the minds of most people, conjures up geographical areas 
that can be distinguished from the urban.  The former would, ideally, comprise 
green fields, hedgerows, woods and forests, secluded hamlets, semi-natural 
landscapes, and so forth, while the latter would be characterised by high-density 
housing, concrete 'landscapes', shopping centres, roads, offices, factories and so 
on.  Although the demarcation between these two realms is becoming 
increasingly difficult to establish, with the social and economic structures of 
many rural areas exhibiting many of the characteristics of nearby towns and 
cities, nevertheless there are still recognisable physical features which are 
deemed to constitute the rural.  Agriculture clearly plays a prominent role in 
creating and sustaining those features.  Yet the complexity of the demands now 
being made of agriculture reflect to a great extent the absorption of rural areas 
into the wider economy and society.  
 
As agriculture has developed in the post war period it has shed many resources, 
most notably labour, but also farmsteads and farm buildings.  This shift has 
opened up a space for non-agricultural, even non-rural, people and uses to move 
into rural areas.  Now rural areas are, both socially and economically, tied very 
closely into non-rural patterns of social and economic change.  Rural 
development can only be understood when we recognise that many rural areas 
are inextricably bound into the development of cities - through commuting 
patterns and the extension of urban housing markets, the urban-rural shift in 
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manufacturing and service industries, the requirements for minerals and the 
disposal of waste, demands for leisure and so on.  As agriculture has become 
more efficient so opportunities for non-agricultural residents have opened up in 
rural society.  The generation of surplus resources (labour, housing) from 
agriculture has coincided, as the Sustainable Development Strategy notes, with 
an increasing number of households wishing to reside in suburbs, villages and 
the countryside.  And the ability to move out of town, while often retaining 
employment opportunities within urban areas, is facilitated by the motor car.  
Thus increased car usage is encouraged.  Moreover, this trend leads to others, 
such as the increased development of retail centres out-of-town and more road 
building.  
 
As agriculture releases its grip on rural society, so competing voices can be 
heard on what should be 'sustained' in the countryside.  While farmers wish to 
sustain their farm businesses other rural residents are more concerned with 
cultural and environmental components of rurality - secluded hamlets, 
traditional buildings, meadows, and so forth.   How do we decide which choices 
to make if there are to be trade-offs between rural 'goods'?  The changing 
population of rural areas means that new residents are making new demands 
often in an extremely vociferous and effective fashion.  Do we just listen to 
those who shout loudest, or are we to draw up criteria which may unduly effect 
groups who are politically powerful?  If we attempt to draw up 'objective' 
criteria of sustainability then how do we assess these against one another?  For 
instance, it is now well established that 'traditional' buildings are both 
(re)constructed and maintained more readily by new entrants to villages than 
residents who may have been born in the vicinity.  Yet these new entrants may 
commute to work twenty miles from home by car while 'locals' work nearby and 
may travel to work by foot or bicycle.  Which group is the 'best' when assessed 
from the criteria of sustainability?  The former group may wish to see the 
maintenance of a farmed landscape but also the freedom to consume food flown 
in from faraway.  How compatible are these choices? 
 
These questions point to the need to heed the social dimension to sustainability.  
While the environment provides the touchstone of what constitutes sustainable 
development, we need to consider both how the environment is produced (by, 
for instance farmers) and how our understandings of what is worth protecting is 
linked to dominant cultural conceptions of what is valuable in the British 
countryside. 
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The basis of the Government's sustainability document is that sustainable 
development should allow continued economic growth and rising living 
standards while also protecting and enhancing the environment.  What remains 
implicit here is that at some point economic growth and the environmental 
demands encompassed in the term sustainability can be brought into some kind 
of harmony.  But can they, given the desire of so many people to live in the 
countryside?  Is not the expression of this demand likely to destroy that which is 
thought to be so desirable about rural Britain? 
 
Firstly, it should be said that the document does capture many of the conflicts 
between present living patterns and sustainability.  It is recognised, for instance, 
that cities and towns should be made more attractive to lessen the pressure on 
rural land, that new buildings away from existing towns should be controlled 
and ribbon development constrained.   Infilling should have regard to the 
"character" of villages, and shopping centres and business parks should be 
discouraged in the countryside because they foster car dependency.  Moreover, 
the document states that considerable weight will be given to protecting the best  
agricultural land.  The criteria for land protection seem to be determined by 
three main considerations: maintaining green belts; protecting sites of special 
interest (National Parks, AONBs, SSSIs); and ring-fencing the most productive 
farm land.  This still leaves a lot of land lying outside these constraints which 
might be considered to "accommodate many forms of development without 
detriment, provided location and design are handled with sensitivity" (para 
24.15).  This development may be necessary "to sustain viable rural 
communities, especially in those areas hardest hit by the decline in traditional 
rural industries" (para 24.14).   
 
It seems, therefore, that agriculture is still able to lay claim to the most 
productive land.  On this land agriculture is to be encouraged to "provide an 
adequate supply of good quality food and other products in an efficient manner" 
(Ch.15) which is also environmentally sustainable.  There is, however, no 
discussion of how farmers are to be sustained.   Thus 'rural society' may become 
even more non-agricultural than it is at present with unsustainable consequences 
likely to follow.  While car usage may be priced higher, this is unlikely to deter 
the wealthier sections of the population, who already dominate rural housing 
markets, commuting to work from a desirable rural residence.  Furthermore, if 
such residents have no economic stake in the rural economy then they are likely 
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(as many do at present) to look unfavourably upon diversification of farm land 
into new economic uses.  Thus farmers may find it increasingly difficult (as 
their numbers shrink further) to get planning permissions for alternative 
enterprises. 
 
It is necessary to distinguish the various aspects of sustainable development and 
then to assess which of these are of major importance and which less so.  For 
instance, we might agree that preventing global warming through curtailing the 
production of greenhouse gases is the most pressing issue.  Car usage should, 
therefore, be kept to a minimum.  Thus, in order for rural areas to become more 
'sustainable' they have to become more 'self-sustaining'.  They will have to 
become localised centres of economic activity so that commuting can be 
reduced and local knowledge and expertise retained.  If new economic activities 
are to be encouraged in rural areas they should attempt to draw upon labour 
already living in the area.   Such an approach would perhaps have the advantage 
of providing opportunities for farmers to remain on the land (by either 
providing off-farm employment or new uses for agricultural land and 
buildings).  How can 'sustainable' rural employment be provided which does not 
suck in labour from towns (thus increasing car usage)?  This question is left 
unanswered in the Government's Strategy perhaps because it seems to warrant 
unfounded intervention in the labour market. 
 
If we agree that another aspect of the rural which needs to be sustained is a 
diversity of landscape features, habitats, buildings, etc., then we should identify 
who is responsible for creating or maintaining these.  These may include 
farmers, who through their knowledge of local environmental conditions might 
be utilised to accentuate the particular environmental qualities of distinct rural 
areas, or 'incomers' who wish to restore barns and traditional buildings.  Taking 
the first aspect of sustainability into account (see preceding paragraph) means a 
balance will have to be struck between the different social components of rural 
areas.  This needs to be made more explicit in the Strategy. 
 
The increasing incorporation of rural areas into urban regions has changed the 
face of rural society, probably irrevocably and makes the achievement of the 
aims listed above problematic.  In the long term, making cities and towns more 
attractive may ease the pressure on villages and rural dwellings (although this is 
going to be made harder by the need to provide for the 14% extra households 
expected in the next twenty years), but it is not going to stop the well-heeled 
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middle classes seeking a place in the country.  This phenomenon, combined 
with increasing displacement of labour from agriculture, means that 
employment for rural residents is likely to be increasingly located in urban 
areas.  With the costs of car usage likely to rise  commuting from rural areas (in 
the context of low levels of public transport) is set to become the provenance of 
the well-off, thus exacerbating the social homogeneity of commuter villages.  If 
low cost homes are to be built (as the Strategy report suggests) then where are 
these low income families to find work? Again we go full circle.  As it stands, 
the Strategy is not comprehensive or powerful enough to break the chain of 
links which, in the last twenty years, has placed rural areas on radically new 
development trajectories. 
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ENVIRONMENTAL POLICY AND REGULATION 
 
Philip Lowe and Neil Ward 
 
Agriculture poses acute practical and conceptual challenges for social scientists 
and policy makers concerned with environmental regulation, because: i) as the 
most extensive user of the land surface, it is the primary social and economic 
activity creating and recreating the physical environment; ii) regulatory 
strategies devised to deal with large industrial concerns and acute forms of 
pollution from point sources are ill designed to tackle such an extensive and 
fragmented sector having such diffuse environmental impacts; iii) the prevalent 
conceptualisation of environmental damage as unwanted externalities of the 
production system is quite inappropriate in relation to agriculture.  What 
farmers do in fields is to produce not only marketable goods but also, at one and 
the same time, distinct rural environments. 
 
These fundamental points require that agriculture be regarded not just as a form 
of primary production, to function within environmental constraints, but equally 
as environmental management in its own right.  Likewise, the role of the 
individual farmer needs to embrace both the production of food and the role of 
responsible environmental manager.  The notion of sustainability, with its 
emphasis on the integration of production and environmental objectives, thus 
has particular relevance to agriculture, but may also necessitate special policy 
and institutional arrangements for the sector. 
 
Sustainable Agriculture: Policy Aims and Measures 
 
The general tone of the agriculture chapter of the Sustainability Strategy is one 
of a recognition of certain problems, most of which are geographically discrete, 
and a range of policies already in place to address them.  The Strategy does 
acknowledge "farmers' dual role as producers of food and guardians of the 
countryside" (para 15.11) but falls well short of the full integration of 
production and environmental objectives.  Instead of a new, forward-looking 
sustainability perspective, more traditional approaches remain dominant. 
 
Under the traditional perspective, economy and the environment are regarded as 
separate spheres. Environmental problems, such as water pollution or loss of 
wildlife species, stand for themselves.  They have to be solved by means of 
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environmental policy, typically by end-of-pipe technologies or the 
establishment of special protection areas.  This perspective is reflected in a 
statement in the Strategy which implies that environmental protection is a 
luxury add-on, to be afforded only once an "advanced development of ... 
agriculture and general economic prosperity" have been achieved (para 15.3). 
 
The Strategy points to a number of schemes designed to promote 
environmentally friendly farming practice, most notably ESAs and the proposed 
Habitat Scheme.  But the essence of these schemes is that they are voluntary and 
spatially specific.  Taken together, they cover only a fraction of farmland.  
Across huge tracts of the countryside, there remain only limited possibilities for 
encouraging farmers to enter into environmentally sound schemes. 
 
The Strategy also reveals a striking reluctance to incorporate environmental 
objectives directly into production policy.  Instead, considerable faith is placed 
in a direct relationship between the level of price support and the environmental 
pressures from agriculture.  The Government can thus present its efforts to 
reduce the levels of CAP support, to work for more liberal world trade in 
agricultural products, and to encourage an internationally competitive UK 
agriculture, as key elements in its Sustainability Strategy. 
 
The relationship between price and trade reforms and sustainability is, however, 
neither clear nor straightforward.  At best, they may achieve some of the 
necessary conditions to diminish pressures to intensify production.  But, 
especially in areas of extensive farming, a deintensification of production may 
not be in the best interests of environmental management.  Furthermore, there is 
not necessarily a direct relationship between the use of polluting inputs (e.g. 
pesticides) and outputs (e.g. farm effluents) and downward price supports.  
Much depends on the details of price reforms: the consensus of opinion on the 
MacSharry reforms is that, apart from the so-called accompanying measures, 
they represent a missed opportunity for putting environmental sustainability at 
the centre of the CAP. 
 
The unwillingness to 'green' production policy is particularly apparent in 
relation to the use of inputs.  The Strategy identifies as one of the four main 
objectives of a sustainable framework for agriculture the need "to minimise 
consumption of non-renewable and other resources, including by recycling" 
(p.106).  This would represent a direct means of de-intensifying production.  
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However, there are no policies mentioned to achieve it directly other than in 
special protection areas (such as the pilot NSAs).  Likewise, although a stated 
policy aim is to "minimise pesticide use" (paras 55 and 15.13), there are again 
no specific measures to implement this. 
 
Sustainable Agriculture: Policy Means and Mechanisms 
 
Policy and market conditions which encourage unsustainable practices have to 
be addressed, but the ultimate aim must be to effect change on the ground.   
Forty years of 'productivist' agriculture have left their mark, however, requiring 
that attention also be paid to the ingrained values and entrenched practices 
which underpin a defensive and dismissive reaction to alternative approaches.  
Such attitudes need to be tackled not only on the farm, but also in advisory 
services, agricultural research establishments, supply companies and policy-
making circles.   
 
The traditional approach to agri-environmental policy has typically relied on the 
voluntary participation of farmers, and the Sustainability Strategy is firmly 
rooted within this voluntaristic tradition.  For example, the Strategy refers to the 
recent Codes of Good Agricultural Practice on the protection of water, air and 
soil, and there are repeated references to policies and measures intended to 
"encourage environmentally friendly farming". 
 
Such an approach has always commended itself for seeking to mobilise the 
sympathy of farmers.  It has attracted criticism, however, for being too low key, 
for seeming to imply that environmental protection is an optional extra and for 
expressing an apparent indifference on the part of government either to commit 
significant resources or to face up to vested interests. 
 
With the notable exception of water pollution from farm wastes, the imposition 
of regulatory controls has largely been rejected on the grounds that they would 
likely be unwieldy, would jeopardise the co-operation of farmers and would risk 
the imposition of an unwanted uniformity on the British countryside.  The 
Sustainability Strategy embodies a more general assumption that regulatory 
controls stifle economic initiative and damage competitiveness.  The reduction 
of "unnecessary and over-detailed regulation" is stated as an "important 
objective" of policy (para 95, p.16). 
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In agriculture, where environmental controls (though not production controls) 
have been notable by their absence, there is little scope for pursuing 
deregulation.  Instead, attention has been concentrated on reinforcing the 
voluntary co-operation of farmers by appropriate financial stimuli. 
 
A number of fundamental issues are glossed over, however, by those who 
advocate a reliance on these approaches.  These are:  i) the environmental 
benefits created by agriculture are a public good.  Public decisions are required 
to establish their significance, whatever the means used to secure them; ii) in 
deciding on the nature of the financial stimuli to be applied there are technical 
judgements to be made (largely concerning the elasticity of farmers' responses) 
but also political judgements -  the choice between a financial penalty and an 
incentive, for example, is a distributional one which may allocate either a 
property right to farmers or an environmental right to the public; and iii) the 
notion of achieving sustainability on one farm is an absurdity.  Many of the 
environmental benefits sought require co-ordinated action at a sub-regional 
level: for example, integrated pest management, the management of the water 
cycle, and landscape and habitat management.  An institutional framework is 
required through which to orchestrate the decisions of individual farmers. 
 
The Sustainability Strategy does not address these issues and therefore fails to 
acknowledge the need for appropriate institutional structures through which to 
direct and support the transition towards sustainable agricultural systems. 
 
Moreover, it is not sufficiently recognised that behind the post-war revolution in 
farming was a highly effective system of human capital development and 
technology transfer which linked together farmers, agricultural colleges, the 
state advisory service and R&D institutions.  Farmers are now being asked to 
make an equally momentous transition, to embrace the function of 
environmental managers, but with training, advisory and extension supports that 
are much more fragmented, less well resourced and lacking any overall 
direction.  
 
A Strategy for Sustainable Agriculture in the UK: Concluding Points 
 
The Government acknowledge in the Strategy that the drive for increased food 
production during and following the Second World War and the further 
intensification stimulated by the Common Agricultural Policy have had adverse 
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effects on the environment.  In addressing this problem, the Government says it 
will "encourage environmentally sensitive agriculture, and will work for further 
CAP reform to reduce levels of support and integrate fully environmental 
considerations" (p.106).  While the encouragement of environmentally sensitive 
agriculture and the efforts to reduce CAP support levels have met with some 
success, environmental objectives have been difficult to integrate with 
production policy.   
 
Instead, the Strategy embodies an individualistic conception of farming which 
emphasises voluntary co-operation and financial incentives.  It fails to 
understand agriculture as a complex sector and does not address the institutional 
structures and mechanisms needed to redirect it in an accountable and 
responsive manner towards more sustainable pathways. 
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RESPONSE TO PAPERS ON ALTERNATIVE FARMING SYSTEMS 
 
Oliver Doubleday 
 
Last year the Council of the NFU had a discussion about sustainable agriculture.  
The background paper examined the various resources that agriculture uses.  
Although one or two difficult areas were identified (e.g. biodiversity), the 
analysis was quite reassuring about the sustainability of agricultural practices in 
the UK.  However, two important background principles to the debate were 
identified, the Polluter Pays Principle and the Precautionary Principle. 
 
Baldock and Bennett (1991) have pointed out the problems associated with 
applying the polluter pays principle to agriculture.  A central problem related to 
the diffuse nature of some agricultural "pollution", such as the presence of 
nitrates in ground water. 
 
The NFU firmly believes that the Precautionary Principle must be applied on 
the basis of the best scientific evaluation possible.  This clearly was not the case 
over the levels set for the presence of both nitrates and pesticide residues in 
drinking water. A recent Parliamentary Office of Science and Technology report 
on this subject remarked on the extraordinary wasteful costs of compliance with 
these standards, while, for example, the presence of lead in drinking water 
causes a real health threat, particularly for the young. 
 
Biodiversity is a complex area in which the precautionary principle might easily 
be invoked.  The work of the game Conservancy Trust has been very valuable to 
showing how small changes to agronomic practices can have substantial 
benefits for a wide range of different forms of wildlife.  As a farmer, I find the 
practical approach of the Game Conservancy's work, which does not ignore the 
economics of farming, very refreshing and encouraging.  I feel that there is 
more scope for similar work trying to find how significant benefits to wildlife 
can best be delivered in an economical manner. 
 
Farming has potentially much to offer sustainable development.  The recent 
consultative document "Alternative Crops, New Markets" issued by MAFF is a 
welcome discussion on novel and industrial uses agricultural crops.  The 
prospects for agriculture contributing clean, non polluting feedstocks for the 
chemical industry are exciting. 
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OF MOTHERHOOD AND APPLE PIE 
 
 Martin Whitby and Neil Ward  
 
 
The papers presented here have highlighted several common elements in our 
understanding of the concept of sustainability despite the diverse institutional 
and disciplinary backgrounds of the various authors.  The main area of 
agreement must be in the recognition of the essentially dynamic, inter-temporal 
nature of sustainability.  Where once it seemed that the scientific research 
agenda surrounding sustainable development hinged on attempts to outline just 
what a sustainable world might look like, the preoccupation with defining 
sustainable 'endpoints' seems to be being replaced by a concern for addressing 
those processes that are unsustainable.  Of course, an emphasis on process will 
take virtually all contributors into the realms of long term forecasting which is, 
for most, an unfamiliar mode of work.  Equally, complex patterns of causality 
must be dissected if we are to understand what pushes social and ecological 
systems towards unsustainability.  This unfamiliarity with the concept and the 
uncertain implications of sustainability would suggest that policy makers should 
be cautious about plunging into this complicated issue without sober reflection, 
and they certainly should resist the temptation merely to recycle conventional 
policies in "sustainable" clothing. 
 
Although in some areas, such as soil erosion, the problems if not the solutions 
seem clear cut, the scientific papers in this report usefully draw our attention to 
great areas of ignorance about the natural world.  For example, the existence of 
myriad micro-organisms which await identification and classification,  
described by McDonnell, for example, utterly refutes glib claims for sustainable 
policies which affect them.  Furthermore, the notions of ecological 
sustainability mentioned by Rushden are only just beginning to be addressed in 
terms of the complexities of ecosystem functioning and the dynamics of 
resource use.  Such ecological and dynamic approaches remain absent from the 
Government’s formulae as laid out in the Sustainability Strategy.  In any case, 
how can we claim to be moving along a sustainable course when we know only 
a small fraction of the information which would allow us to do so?  
 
How, too, can we claim to be implementing economic policies for the 
environment which remotely approach sustainability when government 
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statisticians have released no information showing whether this is the case.  If 
sustainability matters and we are committed to it, perhaps some demonstration 
of this through economic accounts would reasonably be expected.  To date there 
have been one or two exploratory government studies published (e.g. Bryant 
and Cook, 1992) but they are seriously incomplete.   
 
Pearce (1991) has provided methodological guidelines for assessing 
sustainability but so far there have been few attempts to follow his advice.  The 
paper by Whitby above, concentrating on the capital account, addresses only 
one aspect of sustainability, but ignores the other critical aspect, mentioned by 
Harvey, namely the distribution of the results of economic activity.  It is a 
commonplace that  markets are unlikely to produce a distribution of the results 
of economic activity which is politically acceptable.  This is the case even for 
neo-liberals, who show greatest faith in market outcomes.  Yet we still have no 
debate under way as to the distributional consequences of sustainable energy 
policies, for example.  At the time of writing, the Government has just been 
defeated over this very question - the perceived regressive impact of a 
substantial increase in energy prices through taxation.  Clearly much more 
thought will have to be given to the equity of sustainable policies and the related 
issue of their political acceptability. 
 
These remaining dilemmas highlight the social, economic, moral and, 
ultimately, political nature of inter-temporal choice.  Most of the above papers 
show either that sustainability cannot be shown to have been achieved in many 
spheres, or that in others it definitely has not been attained.  Such a gloomy 
conclusion underlines our inability to deal with these issues at the political 
level.  It is in this sense that there is least scope for complacency.  Our 
democratic institutions are presently focused on events no longer than five years 
ahead and it is more, literally, than most politician's jobs are worth to make 
decisions which pay off over a longer span.  So what is in it for politicians when 
considering holding back the present level of consumption in favour of future 
generations?  The environmental debates of the past two decades have shown a 
notable reluctance to confront such long term issues.  The political will may 
simply not be there.  Few of the papers in this volume offer comfort to 
politicians and policy makers: most of them, correctly, offer only sleepless 
nights.   One constructive role that government could play would be to help 
open up and inform a wide ranging public debate so that people could 
understand better the difficult choices that must be made. 
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An important theme of the Strategy is that sustainability cannot be achieved by 
government alone, and that business and individuals must also be active in 
meeting the challenges that lie ahead.  However, on this point it is important to 
recognise that government still has a crucial role to play.  In few areas are the 
successes of government encouragement of particular development trajectories 
more apparent than in agriculture.  British agriculture underwent a profound 
revolution over just a few decades after the Second World War in terms of 
productivity, resource use and its technological character.  This revolution did 
not take place as a result of universal market forces which farmers simply 
followed.  Rather, the pursuit of high-tech agriculture was an objective of 
government policy and by means of research and development, grants, subsidies 
and advice, farmers were encouraged along a particular path with huge success.  
To redress the unsustainability of contemporary agriculture, there remains a 
range of tools available to government to stimulate desired changes in 
agricultural practice. 
 
In the Sustainable Development Strategy we at least have a starting point for a 
policy for sustainable agriculture in the UK.  Charles Cann, in his contribution 
to this report, emphasises not only the partial state of current understanding of 
agriculture's environmental problems, but also the preliminary and challenging 
nature of the task of devising the Strategy.  This collection of scientific papers 
can therefore be seen as an attempt to assess critically what has been achieved 
so far, and to provoke consideration of how British agriculture can be put on a 
more sustainable footing.  We are only at the beginning of what we hope will be 
a wide-ranging and informative debate. 
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